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Abstract  of  Report 


1.  PIRPOSE. 

a.  To  dstaralns  tha  duration,  characteristics  and  Intenaltj  oJT 
wing-tip  Tortioes  produced  by  specific  highly  wing-loadsd  aircraft. 

b.  To  dsteraine  the  effect  of  wing-tip  yortioes  on  krmj  aircraft. 

c.  To  deteralne  the  effect  of  sonic  shock  of  fixed-wing  air¬ 
craft  in  flight. 

2.  SCOPE.  Tests  were  conducted  at  Pangs  $2,  Eglin  Air  Force  Base, 
Florida,  dturing  the  period  31  October  -  19  Deoeaber  1956.  Six  flight  hours 
of  prellKinary  testing  were  conducted  to  determine  the  duration  and  charac¬ 
teristics  of  wing-tip  Tortioes  prodivced  by  F-IOOC  aircraft  flown  at  yarious 
configurations  and  airspeeds  under  yarious  atmospheric  coiidltions.  Ten  fligiit 
hoinrs  of  test  were  c<n<^cted  in  idiich  a  QL-l?  was  used  to  Interoept  the  wing- 
tip  yortioes  created  by  F-lOO  and  B-47  aircraft.  Two  flight  hours  of  testing 
were  conducted  in  which  a  piloted  L-19  intercepted  wing-tip  yortioes  created 
by  an  F-100.  Three  flight  hours  of  tests  ware  ccndnrted  in  which  a  QL-17  in 
flight  was  subjected  to  sonic  shock  created  by  an  F-IGO. 

3.  SIMMARI. 


a.  Thi  duration  of  wing-tip  yortioas  is  gonramed  primarily  by  the 
turbulence  structure  of  the  atmosphere  in  which  generated.  Greater  cortex 
disturbanoes  are  generated  when  the  generating  aircraft  are  flown  at  low  air¬ 
speeds.  Any  turbulenoe  or  wind  has  an  immediate  dispersing  effect  cm  the 
duratlcm  of  wing-tip  yortioes. 

b.  Up  to  time  interrals  of  30  aeccmds  behind  an  F-lOO  flown  In  Ijuid- 
ing  configuration  at  alrspeads  of  200  knots,  the  rortex  effect  may  be  of  such 
magnitude  tl:at  a  light  airplane  interoepting  the  disturbances  could  not  be 
held  in  straight  and  leyel  flight.  If  the  light  aircraft  ware  at  low  speeds, 
such  as  approach  or  landing,  it  could  become  uncontrollable  to  suoh  an  extent 
that  a  cnmsh  could  not  be  ayoided.  It  ia  highly  improbable  that  an  airplane 
would  remain  in  yortex  turbulenoa  long  enough  to  make  a  complete  roll.  The 
most  likely  response  would  be  to  roll  to  an  Inyerted  position  and  be  thrown 
out  of  the  yortex. 
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e.  No  stractural  danuf*  vaa  aostalrwd  bj  th«  tart  aircraft  pena- 
tratinf  tha  iring-tip  rortlcaa  craatad  by  F-lOO  and  B-U7  aircraft  durlnc  thla 
tart.  Howarar,  baaad  on  nagatiTa  loada  racordod  during  thia  tart,  it  appaara 
poraibla  that,  undar  conditiona  of  axtraraly  atabla  air,  light  airplanaa  oana- 
trrting  tha  wirig-tlp  Tortlcaa  iranaratad  by  hl^ily  wirg-loadad  aircraft  flaw  at 
low  alrapeada  could  auataln  atructural  damaga,  particularly  if  tha  lightly  wlag- 
loadad  alrplana  waa  bring  oparatad  at  hifd>«>r  than  normal  cruiaa  apaad. 

d.  Sonic  ahock  wrraa  gancratad  at  airaoaada  up  to  Kach  1.05  and 
aaparatlona  aa  naar  aa  200  fa  at  did  not  cauaa  any  atructural  damaga  to  tha 
QL^17.  Thara  vara  no  Tlaual  Indlcationa  that  tha  flight  path  of  tha  QL-17  vaa 
in  any  way  affactad  by  aonlc  ahock  vaTta.  Kavarar,  it  cannot  ba  daducad  from 
thla  taat  that  ll^t  aircraft  would  not  auataln  structural  danaga  fr'm  aonlc 
■hock  varaa  ganaratad  by  airplanaa  flown  at  ^>aad8  wall  above  Hach  1. 

a.  Tha  raaulta  of  thia  tart  indicata  a  dafinita  naad  for  additional 
information  on  tha  affect  of  vortax  diaturbancas  and  aonic  ahock  on  light  air¬ 
craft.  A  cc^rahanalva  atudy  of  thaaa  problama,  ImrolTlng  thaoratlcal  atudiaa, 
anglnaarlng  taata  and  flight  taata,  will  ba  raquirad  to  aacura  any  signifi¬ 
cant  Information.  Such  atudiaa  ara  bayond  tha  capability  of  thia  Board. 

U.  DISCUSS  JON. 


a.  Air  laaaarch  and  Davalopmant  Command,  Unitad  Stataa  Air  Forca, 
Vrifht-Pattaraon  AFB,  Ohio,  la  Initiating  a  program  to  datarmlna  tha  affact  of 
tia^bulanca  on  aircraft  landing  arary  30  aaconda.  Thla  program  will  Inoluda 
both  thaoratleal  atudiaa  and  flight  taata  to  datanalna  xha  affact  of  turbu- 
Icnca  on  aircraft  In  flight.  Flight  taata  will  Inclvda  a  atudy  of  tha  affact 
oi  ^urbolanca  ganaratad  by  flghtar,  bombar,  and  tranaport  airplanaa  on  dif- 
farwnt  typaa  of  aircraft  In  traffic  pittamr  and  durlrg  landliiga  and  takaoffa. 

b.  Air  laaMrch  and  Drrelopiaant  Coiamand,  Wrlght-Pattaraon  AFB,  Ohio, 
la  conducting  an  Inrartigatlon  of  tha  aonic  ahock  problam.  Thla  Invaatlgatlon 
will  includa  a  coag>rahanalTa  thaoratleal  atudy  of  aonlc  ahock  phanowna  and 
effmets.  It  vl]l.l  alao  Includa  flight  taata  and  atudiaa  of  aonlc  ahrek  wavaa 
ganaratad  by  aircraft  c^abla  of  Kach  apaada  much  hlghar  than  thoaa  attainad 
during  tha  taata  corductad  by  thla  Board. 

5.  COWCLUSIOWS. 

a.  In  ragard  to  tha  duration,  charsctarlatlca  and  Intanaity  of  wing- 
tip  vortlcaai 


(1)  Tha  duration  la  goramad  primarily  by  tha  atmoapharic  con¬ 
ditiona  axlatlng.  Any  air  dlatuxhanea  haa  aua  l—afUata  diaparrli^  affact. 

(2)  Tha  graataat  diaturbrncaa  producad  by  any  aircraft  occur 
whan  that  alrc.^aft  la  travallng  at  low  airapaada,  auen  aa  In  landing  and 
takaoff  pattamS' 

(3}  No  quarttlt5.ra  conclualona  could  ba  raachail  on  lntanalty$ 
hoawrar,  tha  vc'rtax  affact  can  ba  of  auch  Intanalty  that  a  aarlowa  control 
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problem  will  be  greeted  when  li^t  airplane?  encounter  the  diaturbances  at 
low  airspeed?. 

b.  Wing-tip  Yortices  can  produce  momentary  loss  of  control  to  krmj 
airplanes  and  could  undwr  certain  conditions  produce  structural  damage  to 
light  airplanes. 


c.  Further  tests  and  studies,  by  agencies  capable  of  more  compre- 
hensire  InTestigations  than  this  Board,  should  be  made  of  the  effects  cf  sonic 
shock  and  wing-tip  rortlces  on  Army  aircraft. 


6. 


REC 


•  II 


ATIOHS. 


It  is  recoienended  that: 


a.  The  115  Army  monitor  the  stuciy  and  fli^t-tet'  program  being  initl- 
Ated  by  Wrlfiit  Air  Development  Center,  Air  Research  ar.d  Development  Comiaand, 
D3AF,  to  study  the  effect  of  turbulence  or-  ttrcraft  lai/ding  every  30  seconds. 

b.  The  DS  Anwy  fvonitor  the  sonic  boom  progiatr  being  initiated  by 
Wright  Air  Development  Center,  Air  Researcn  and  Develct/w .nu  Command,  USAF. 

c.  The  DS  Army  stipport  further  investigation  cf  the  sonic  shock 
and  wing-tip  vortices  problems  to  the  extent  necessary  to  determine  eff&cto 
or  Army  aircraft. 
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WilTID  STATES  ARKT  A7IATI0II  BOARD 
Fort  Rucker,  AlebeM 


REPORT  OF  PRO.JECT  NR  ATW  26$6 

EFFECT  (3F  WTRG  TIP  VORTICES  AND  SC?r[C  SHXK  ON  ARMT  AIRCRAFT  IN  FLIGW 


I.  AUTHORITT.  Letter,  ATBG-DG  U52.1,  Headquarters  Board  Nr  6, 

COKARC,  22  March  1956,  subject;  "Effect  of  High  Speed  Vortices  and 
Sonic  Vares  on  Aircraft,*  and  Indorsements  thereto. 

II.  PURPOSE. 

1.  To  determine  l.te  duration,  characteristics  and  intensity  of 

wing  tip  ▼ortices  produced  by  specific  wlnf-lofeded  aircraft. 

2.  To  determine  the  effect  of  wing-tip  rortices  on  Army  aircraft. 

3.  T'l  determine  the  effect  cf  sonic  shock  on  fixed-wing  Army  air¬ 
craft  in  flight. 

III.  SCOPE.  Tests  were  conducted  at  Pjmge  52,  Eglin  Air  Force  Base, 

Florida,  during  the  period  31  October  -  19  December  1956.  Six  fli^t 
hours  of  preliminary  testing  were  condxicted  to  determine  the  duration 
and  characteristics  of  wing -tip  rortices  produced  by  F-IOOC  aircraft 
flown  at  warious  configurations  and  airspeeds  under  rarious  atmospheric 
conditions.  Ten  flight  hours  of  test  were  conducted  in  which  a  QL-17 
was  used  to  intercept  the  wing-tip  Tortlces  created  by  F-lOO  and  B-U7 
aircraft.  Two  flight  hours  of  testing  were  conducted  in  which  a  piloted 
I/-19  intercepted  wing-tip  rortices  created  by  an  F-IOO.  Three  flight 
hours  of  tests  were  conducted  in  which  a  QL-17  in  flight  was  subjected' 
to  sonic  shock  created  by  an  F-100. 

IT.  GENERAL  INFORMATION. 

1.  Background . 

a.  Thera  has  been  considerable  speculation  as  to  the  effect 
of  sonic  shock  and  wing-tip  Tortices  or.  lightly  wing-loaded  airoraft. 

Numerous  studies  in  these  areas  hare  been  made  by  federal  agencies  as 
well  as  prirate  organizations.  Many  questions,  howerer,  inrolrir^  oper¬ 
ational  problems  of  Any  aircraft  remained  unanswered. 

b.  In  Febiuary  1956  a  crash  of  a  U  -lA  "Otter*  airplane, 
apparently  caused  by  penetrating  the  wing-tip  wortioes  of  a  CF-100  air¬ 
plane,  emphasised  the  need  for  a  more  thoro'igh  and  oosgplete  inrestigation. 
Although  a  later,  second  "Otter*  accident  of  a  similar  nature  was  attri¬ 
buted  to  malfunction  of  the  flap  walre,  the  problem  of  possible  damage  from  wing- 


tip  vortices  still  remained.  This  Board  recommended  that  tests  be  condu-ile*^ 
to  obtain  operational  information  on  the  potential  hazard  of  these  vortices 
and  also  to  investigate  the  possibility  of  damage  fron  sonic  shock.  In 
April  Project  Hr  AVH  19?6,  ”iffect  of  Sonic  Shock  on  Ground  Dispersed 

Arn^y  Aircraft  and  Related  Equipment,”  was  completed  and  the  results  submitted 
as  a  separate  report. 

c.  In  order  to  make  a  "safe  side"  approach  tc  tests  involving 
airbom*  Army  aircraft,  reconmendations  were  made  and  approved  for  use  of  a 
QL-17  o.  ^le  aircraft  in  conducting  tests.  Two  such  aircraft  were  obtained 
;rron  the  Signal  Corps  and  a  contract  for  modification  by  TiiTICO  Aircraft  Cor- 
poraticm  was  initiated.  This  contract  included  modification  of  a  Board  L-23 
for  use  as  a  drone  rvother  ship  and  logistical  support  of  drones  and  drone 
control  equipment  during  tests. 

d.  Various  man'ofacturers  and  interestea  agencies  were  contacted 
by  this  Board  in  regard  to  their  experience  and  interest  in  this  field.  A- 
mong  agencies  showing  interest  vas  Beech  Aircraft  Corporation.  This  company 
offered  to  provide  engineering  support  and  analysis  of  the  Board's  test,  under 
direction  of  Board  personnel,  at  no  expense  to  the  goverrenent.  This  offer 
was  accepted  and,  as  a  result,  a  minimum  of  two  Beech  engineers  were  present 
during  all  physical  testing.  Extracts  from  the  Beech  report  are  included  as 
Appendix  A, 


Figure  1.  F-lOO,  Front  View 
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2.  Lescrirt-ion  of  ‘'.Ateriel 


a.  USjIF  Equipnent. 

(1)  An  F-lOO"  aircraft  vas  fcqnicpea  six  yylcns  cn 

which  SOO-pound  bonb  cases  vc^e  no'intea.  hteen  t*iO-r.inute  s~c;-;e  f-renaces, 
used  to  generate  snoke  to  naj’k  the  vortices  of  th.e  aL^craft  in  fli'ht,  >'ere 
positioned  inside  each  bonb  case  anu  wirea  to  the  chenical  circuit  cf  the 
aircra^. 


Figure  2,  Snoke  Grenades  Positioned 
In  500-Pound  Gonb  Case 


'"hese  S'.ioke  bombs  co’old  be  triggered  inuiviaually  to  miu-k  the  vortex  pattern, 
A  naxiiH’jm  of  six  markings  by  smoke  were  possible  per  sortie.  The  F-lOO  was 
also  loaded  with  300  rounds  of  20-m,  ammunition  which  was  to  be  used  to  des¬ 
troy  the  drone  if  destruction  became  necessary  and  connana  destruction  cculd 
not  be  effected. 


(2)  A  B-ii7  was  loaded  with  eighteen  two-^ninute  smoke  gre¬ 
nades  in  the  JATC  rack  to  dispense  a  snoke  trail  to  mark  xiing-tip  vortices 
of  the  bomber  on  one  pass  per  sortie. 


3 


b.  US  Arwy  Equipmgnt. 

(l)  An  L-23  w«a  modified  for  uee  as  a  mother  ship  for  re¬ 
mote  control  of  QL-17  drone  aircraft*  Remote-control  equj^jment  was  removed 
from  a  ground-control  station  end  installed  in  the  baggage  compartment  of  the 
L-23. 


Figure  h.  Drone-Control  Equipment  Mounted 
In  L-?3  Airplane 


h 


An  airplane-control  box  was  installed  ^he^a’ ’'plane -cant’ll  box  was 

operation  from  the  forwai'd  right  hana  seat.  *ne  a^plane-c  ^ 


Figxire  5. 
Airplane 
Control 
Box  Mounted 
In  L-23 


nodiXied  for  renote,control  opor.tion  of  d.rtructlon  and  r.oorder  syrtor.s 
installed  in  the  drone  aircraft. 

(2)  The  ground- jontrcl  station  consisted  of  an  anter^a 
Mot  aasenhly,  •  heavy,duty  5heet,notal  box  containing  VHF  comunlcaticn 


/"  .  - 
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Figure  6,  Drone  Grouna- 

Control  Station 
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■  riTtpimt  and  a  ramoia -control  radio  for  tha  purpoaa  of  remotely  control- 
line  drone  aircraft.  Tha  ground-control  station  and  airplane-control  booc 


were  modified  to  permit  raraote-control  operation  of  destruction  and  recorder 
ayatams  Installed  in  tha  drones. 

(3)  Two  QL-17'8  ware  modified  for  installation  of  instru¬ 
mentation  and  destruction  systems.  Instrumentation  provided  for  racerding 
tha  following  data: 


(a)  Vertical  acceleration 

(b)  Lateral  acceleration 

(c)  Longitudinal  acceleration 

(d)  Airspeed  change 

(e)  Altitude  change 

(f)  Roll  attitude 

(g)  Pitch  attitude 

(h)  Ism  attitude 

To  ret'iuce  eongestiem  caused  by  recording  eight  signals  c»i  osclll.ograph 
tape,  lateral  and  longitudinal  acceleration  signals  were  not  recorded.' 
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Acc«l«r«tion  tlgnals  from  accelcroMten  w«re  ftd  throvi^  a  bridge 
balance  unit  to  an  oscillograph.  All  other  signals  were  picked  ^2  in 
the  autopilot  system  and  fed  through  e  demodulator  to  the  oscillograph 
recorder.  The  QL-17  was  equipped  with  a  coasiand  dertructlon  systea 
which  permitted  the  elewator  to  be  positioned  to  a  hard  "deem"  position 
on  coMtand  from  the  operator.  This  systea  consisted  of  an  electrical 
lock-ln  relay,  associated  wiring,  one  channel  of  the  radio  link,  and  a 
destruction  switch  on  the  airplane -control  tox  of  the  ground  station  and 
the  mother  ship. 

3 .  Problems  Encountered . 

a.  Visualizing  the  Vortex  Wake.  The  F-ICX)  ealtted  SMke  at  a 
constant  mass  rate  which  could  not  be  varied.  Thus,  moving  at  an  airspeed 
of  200  knots  it  traveled  a  distance  of  approximately  seven  and  one-half 
miles  while  emitting  smoke;  at  an  airspeed  of  IjOO  knots,  the  ease  oolueia  of 
smoke  was  dispensed  over  a  distance  of  approximately  l5  miles.  At  low 
speeds,  the  *ortex  pattern  could  be  inarked  to  some  degree  ig>  to  time  Irrberrals 
of  30  seconds;  on  high  speed  runs,  5  to  10  seconds  was  usually  the  laailarai 
time  the  smoke  was  persist-ent  enough  to  be  used  as  a  reference.  Due  to  the 
limited  volume  of  smoke  availatle  to  fnark  the  vortex  pattern,  photographic 
recordings  attamotlnr  to  show  the  characteristics,  duration,  and  l.ntenslty 

of  vortex  actions  were  of  limited  value, 

b.  Drone  Penetration.  Directing  drones  by  remote  control 
Into  even  a  well-defined  s?noke  trail  was  excemdlngly  difficult.  Judging 
the  Dosltion  of  the  drone  in  relation  to  the  smoke  path  was  haag>«red  by 
the  lack  of  rcferencer,  available  to  aid  the  drone-control  pilot's  depth 
perception.  Efforts  were  made  to  eld  depth  perception  by  laying  two  smoke 
trails;  however,  the  smoke  trails  were  too  close  together  to  prove  ef¬ 
fective.  Drone  operations  were  difficult  with  cross  winds  of  more  then 

5  knots.  Vertical  turbulence  caused  the  drone  to  fight  to  hold  altitude, 
and  ahruot  changes  of  feet  were  not  uncosHaon. 

c.  Weather.  Operations  were  conducted  In  the  early  morning 
to  minimi  re  the  effect  of  turbulence  and  winds  on  vortex  patterns.  Fog 
and  low  ceilings  often  delayed  scheduled  takeoffs  until  VFk  operations 
could  be  conducted.  Late  morning  and  afternoon  operations  ware  often 
cancelled  due  to  winds  and  turbulence. 

V.  TESTS. 

1.  General .  Tests  were  conducted  at  Eglin  AFB,  Range  52,  wtilch 
incorporates  a  ^5oO-f  <ot  runway.  It  Is  located  17  miles  northeast  of 
Eglin  Main.  The  north  end  of  the  runway  was  used  as  the  focal  polrit  of 
the  test  and  intercepts  wei'e  at  an  altitude  of  approximately  1,000  feet 
above  that  point.  V  ground-control  station,  coaarunlcatlons  station, 
inotlon  picture  cameras,  and  observers  were  positioned  approximately  lj,000 
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f«et  south  of  the  intercept  point.  A  second  station  with  observers,  camera 
crevs,  and  a  comunications  vehicle  was  established  approximately  300  feet 
to  the  right  of  the  intercept  point.  Aerial  observation  and  motion  pictures 
were  taken  from  a  helicopter  which  flew  near  the  intercept  point. 


Figure  8, 
Tost  Site 


.  INTFRCEHION 
POtNT 


Figure  9. 
Ground-Control 
Site,  Aerial 
View 


w 


2.  ProllJdnaTy 


«.  Six  hovra  of  prollMimry  toata  vara  condoetad  to  datar- 
Mina  tha  duration  and  eharaotarlatlca  of  vlnf  tip  Tortlcaa  prodoead  bj 
an  F-IOOC  balng  flown  at  Tarloxit  ecmflfuratlona  and  alrapaa^.  Tha 

aqulppad  with  aaK>ka  boaba,  waa  flovn  orar  tha  irtarcapt  poijt  In 
tha  followlnc  eonflfuratlona  and  alrapaada , 

^1)  Hlfh  apaad,  UOO  kxwta,  claan. 

(2)  Low  apaad,  200  knrrta,  claan* 

(3)  low  apaad,  200  knota,  landing  configuration. 

Tvalv**  runa  vara  aada  and  tha  TortiLcaa,  aarkad  bj  aaK>ka  dlapanaad  frta 
tha  f  *100,  vara  atudlad  by  obaarra* «  and  photograpbad  vlth  notion  piotara 
eanaraa*  Kuna  vara  nada  undar  atacv^oharlc  eondltlona  In  vhloh  littla  or 
no  turbulanca  and  wind  axlatad,  as  vail  aa  turtnlant  eondltlooa  vlth  vlndi 
which  rarlad  fron  5  to  20  knota. 

b.  Tha  following  obaarratlona  vara  aadai 

(1)  On  hlgh>apaad  runa,  tha  cora  of  tha  Tortax  appaarad 
to  ba  ralatiraly  anall  and  did  not  grow  to  any  aignlfioaRt  axtani  bafora 
tha  anoka  dlaaipatad.  It  vaa  difficult  to  datamlna  tha  tlsa  of  braak-ap 
with  any  accuracy,  bacauaa  of  tha  llnltad  Toluna  of  aaoka  dlapanaad  orar 
tha  intarcapt  point.  It  waa  notad  that  any  turbalanoa  or  wind  haatanad 
tha  braak-up  of  tha  aiaoka  pattam.  Tha  llnltad  to1«m  of  anoka  dlapanaad 
nada  it  lapoaalbla  to  atudy  tha  paralatancy  of  tha  Tortieaa*  pattam  aftar 
a  faw  aacondi,  aran  vhan  ataoapharle  conditlona  vara  oaln. 

(2)  On  lov-apaad  runa,  vhan  tha  aircraft  vaa  claan,  and 
on  runa  vlth  tha  aircraft  In  landing  configuration,  tha  cora  appaarad  to 
ba  largar  and  nora  Tlolant  than  In  hlgh-^aad  runa.  Howvrar,  fron  ot^ 
aarvars* raporta  and  fron  atudlaa  of  notion  plcturaa,  no  conclualona  could 
ba  drawn  as  to  which  low-apaod  configuration  provhiead  tha  graataat  vaka 
dlaturbancaa.  llndar  yxtranaly  atabla  atnoapharic  conditions  a  daflnlta 
■pinning  notion  could  ba  obsanrad  for  tvo  alnutaa  and  tract  a  sf  anoka 
vlth  aont  arldanca  of  rortax  notion  could  ba  obaanrvd  for  lypraxlnataly 
thraa  nlnutas.  Kowrar,  vlth  rary  light  turbulanca  or  vlnds  tha  anoka 
dlaaipatad  Tary  rapidly,  and  no  daflnlta  conclualona  could  ba  drawn  con- 
earning  tha  rortax  history  aftar  approxlnataly  30  saoonda. 

3.  Vortax  Panatrutiona. 
a.  Prom  Panatratlona. 

(1)  To  atudy  tha  affact  cf  ving-tlp  rortleaa  on  lightly 
vlng-loadad  aircraft,  a  QL-17  was  uaad  to  Intarcapt  tha  vortax  dlataxb- 
anoai  ganaratad  by  F-lOO  and  B4i7  aircraft. 
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Time  intervil  of  attempted  intercepts  ranged  from  two  seconds  to  120  seconds 
after  the  vortices  had  been  ginented,  T^vroe  different  methods  of  intercept 
¥or«  attempted: 

(a)  The  F-lOO  was  flown  on  a  given  course  at  an  air¬ 
speed  of  200  knots  at  an  altitude  of  1,000  feet.  The  drone  aiircraft  was 
flown  on  a  ooxirse  wlach  would  cause  it  to  interoept  the  vortex  disturb¬ 
ances  generated  by  the  F-lOO,  This  method  of  intercept  was  unsucoessful. 

(b)  The  drone  airorift  was  flown  on  a  given  ooutpp 
at  an  airspeed  of  110  miles  per  hour  at  an  altitude  of  1,000  feet  m.  s.  1. 
The  pilot  of  the  F-lOO  flew  along  side  of  the  drone  and  then  altered  his 
course  so  that  he  would  intercept  and  cross  the  projected  flight  path  of  the 
drone.  The  drone  intercepted  the  vortex  wike  of  the  F-lOO  at  angles  'tdiich 
varied  from  IS  to  90  degrees. 

(c)  Tlie  third  type  of  intercept  wis  made  by  the 
F-100‘3  overtaking,  piassing  under,  and  pulling  up  in  front  of  the  dron-. 

(?)  Intercept  tunc  intemls  -vrerfi  clocked  by  grx)und  ob¬ 
servers  with  stop  watch  s.  Intercepts  w*!re  filmed  by  catnommen  frx)m 
(n:^)und  points  and  from  i  hc:licopt<'r.  Thj  oscillograph  recorder  mounted 
in  the  drone  was  turned  on  and  off  by  the  drone -control  pilot  from  the 

1  < 


.  ar''er''ts 

*  s.,-cessful  tne  ve-e- 

1  ata*iW.  “'■f’“"'^.'ti.e  >.c  1a=*  '■  I’t.n/^uiFf.er'.l. 

..aU  !■•'"'’“•»  «U^Jnction  oi  r 


il 
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'  ,m- 


VORTEX 

PENETRATION 

(degrees) 

Tnc 

INTERVAL 

(seconds) 

vtirriOAL 
ACCELERATION 
(^An  in  O's) 

PITCH 

CHANCE 

(dsgrees) 

ROLL 

(degrees) 

TAW 

(dagrees) 

U5 

U.5 

-2.15 

♦u.y2 

8.5  dn 

10. u  dn 

28. 3R 

1.66L 

US 

h 

-1.3i 

♦0,52 

2.9  Tip  6.2  dn 

35R 

1.38R  2,76L 

« 

2 

-o.y6 

♦i.5o 

22  dn 

JJL 

k 

-0.87 

♦0.60 

9  up  9.7  dn 

1.5 

-0.66 

♦0.30 

7.7  up  3.0  dn 

OTertook,  passed  under,  and  pulled  up  in  front  of  the  L-l?* 


Flffure  12,  Data  Recorded  by  an  OsclUoijraph  During  31^17  Fenetratlon  of  Wlng-Tlp  Vorticas 

Oenerated  by  a  B^7 


(3)  The  drone  was  equipped  with  an  autopilot  which  rapidl^r 
responded  to  correct  any  deviation  of  the  drone  from  straight  and  level  flight. 
The  reaction  of  the  autopilot  was  much  faster  than  could  be  expected  from  a 
pilot  and  it  would  be  difficult  to  draw  any  conclusion  as  tc  what  degree  of 
deviation  from  straight  and  level  flight  would  have  occurred  haa  the  aircraft 
been  flown  by  a  pilot.  It  should  be  noted  that,  even  with  the  autopilot 
variations  up  to  30  degrees  of  yaw  and  Th  degrees  of  roll  were  observed.* 
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the  arc'^e  reaction  to  tf.e  vcr**'^  tacit  a  ilrt  cr  .Id  •'c'  vav**  5 
before  tne  aircraft  assine-;  an  ;nverte:  atttt  r  ner  n'\'is 

the  drone  been  at  approac:.  speed  (wnen  aileron  control  is 
it  is  doubtful  that  eve-  the  aut^nilrt  ccula  have  3tcp}>ed  ttc 
drone  assuned  an  inverted  attitude. 


rs  vno  c’’ 3 er 1 
*oopei  th<*  -rll 
lal  rositior. 
l-'-sr  * '‘^■ctive) 
roll  '•'’fcro  tne 
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b.  rilcted  renetraticns 
pilote<i  L-19,  flflnr  at  9-  ~iles  per 
vortices#  The  F-1(X)  was  flown  at  ar; 
ration  at  an  altitude  cf  6,000  fe--t. 
the  attempted  intercepts. 


.  ?VG  flifj'ts  w^re  in  w;  >r.  a 

nc-ir,  attenpted  to  penet^'ate  the  :-10>0 
airspee^i  of  ?O0  Knots  in  lancini  cenfip-.- 
Tiie  '-*-100  uispens-Ki  s  •^o-ce  on  eac:.  cf 


Figure  12.  F-lOO  Passing  'fnuer  L-19 

The  sr.oke  narkinr  the  vortices  dissipated  after  30  seconds,  anc  there  was  no 
way  to  determine  if  tne  center  of  tr.e  distiu"!  cd  area  was  penetrated.  Only 
mi. Id  turbulence  w'as  enccimtered  wnen  entering  the  supposed  area  of  turbulence 
L9  to  90  seconds  after  the  passage  cf  the  F-100.  At  19  seconds  cne  sharp  gust 
was  felt.  Letting  dov;n  intc  the  vertex  30  seconos  after  the  F-100  had  passed, 
the  rirht  wing  cf  the  L-19  urepped  and  the  aircraft  yawed  to  the  rirht,  F'lll 
left  ruuuer  and  left  stick  were  applied.  The  right  vin.-  -evert;, eless  dropped 
srp--oxinatcly  90  cegrees  and  the  airplane  yawed  30  degrees  to  the  right.  The 
•diet  was  unable  to  hold  tne  airplane  in  the  vertex,  ether  intercepts,  at 
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tiiBO  intenrals  of  ti  to  15  seconds,  no  difficxilty  was  encountered  in  intercept¬ 
ing  areas  of  disturbances  when  letting  down  from  above.  The  L-IS  was  sub¬ 
jected  to  forces  which  caused  50-degree  rolling,  30-dogree  yawing,  and  soiwB 
pitching  moverients,  even  with  nearly  full  corrective  control  forces  applied. 
There  appeared  to  be  a  tendency  for  the  vortex  to  force  or  throw  tlie  L-19  otit 
of  the  disturbed  area.  On  one  occasion,  the  L-19  intercepted  the  vortex  at 
eight  seconds  and  regained  in  the  disturbance  for  20  seconds.  Violent  rolling, 
yawing,  and  pitching  movements  were  encountered. 

U«  Sonic  Shock. 


a.  To  detemine  the  effect  of  sonic  shock  on  Amjy  aircraft  in 
flight,  a  QI/-17  drone  aircraft  was  set  on  course  at  1,000  feet  and  subjected 
to  sonic  shock  waves  generated  by  an  F-lOO  flown  at  speeds  of  Mach  1.0-1.05. 
Making  approaches  at  supersonic  speeds  toward  the  fixint,  side,  and  rear,  the 
f-100  p>a3Sod  over  the  drone  at  altitude  separations  of  500  and  1,000  feet. 

To  subject  the  drone  to  sonic  shock  from  below,  the  passes  were  repeated,  and 
the  *’-100  flew  under  the  drone  at  altitude  separations  of  500  feet.  On  the 
last  F>a33,  the  pilot  of  the  F-100  oveidook  the  drone  and  passed  slightly’-  above 
and  to  the  right  at  a  separation  of  approximately  200  feet. 

b.  Sonic  shock  waves  produced  under  these  conditions  did  ncft 
cause  any  stnctural  damage  to  the  QL-17.  There  were  no  visual  indications 
that  the  fliglit  of  the  QL-17  was  in  any  way  a’^fected  by  sonic  shock  waves. 

VI.  DISCUSSION. 

1.  Beech  Aircraft  Corporation  Survey. 


a.  Several  years  ago,  the  fatal  crash  of  a  civilian  utility- 
type  aircimTt,  on  landing  approach  at  a  busy  air  terminal,  prompted  the 
Flight  Safety  Department  of  Beech  Aircraft  Corporation  to  query  many 
pilots  regarding  any  experience  they  may  have  had  in  encountering  turbu¬ 
lence  behind  large  aircraft.  Beech  received  more  than  200  replies  from 
pilots  of  many  different  types  of  aircraft.  A  representative  n’jmber  of 
the  replies  were  published  in  Beech  Safety  Suggestion  Nr  8  in  1952.  Since 
this  collection  is  probably  the  most  comprehensive  collection  of  pilots* 
comments  to  be  found  on  this  subject,  they  are  included  in  this  report 
(Appendix  B). 


b.  A  significant  point  made  by  many  of  the  pilots  was  that 
the  incidents  occurred  when  there  \ra3  a  definite  lack  of  turbulence  and 
when  wind  and  weather  wore  ideal  for  flying.  The  severe  rolling  movements 
repojrted  by  the  pilots  were  encountered  during  these  tests.  Many  pilots 
repoirted  rolls  of  as  much  as  90  degrees  when  the  disturbances  were  en¬ 
countered  during  approanhes.  At  low  speeds,  aileron  controls  are  not  as 
effective  and  slower  reispcvise  to  corrections  must  be  expected. 

c.  It  was  noted,  during  the  test  at  Eglin,  that  any  atmos¬ 
pheric  turbulence  caused  rapid  decay  of  vortex  patterns.  Under  calm  con¬ 
ditions  the  vortex  patterns  persisted  longer. 


2*  Other  Studies 


a,  Wright  Air  Development  Center,  Air  Research  and  Development 
Cownand,  United  States  Air  Force,  Wright-Pat terson  AF2,  Chio,  is  initiating 
a  stuchr  to  deteratine  the  effect  of  turbulence  on  aircraft  landing  erery  30 
seconds.  A  study  is  also  being  made  Cornell  Aeronautical  Laboratory,  Inc., 
of  Cornell  University.  The  WACC  and  Cornell  studies  are  being  made  for  the 
Office  of  the  Special  Assistant  to  the  President  for  Aviation  Facilities 
Planning. 


b.  These  programs  include  both  theoretical  studies  and  flight 
tests  to  determine  effect  of  turbulerice  on  aircraft  in  flight.  Flight  tests 
will  include  a  study  of  the  effects  of  turbulence  generated  by  fighter, 
bomber,  and  transport  aircraft  on  different  tj^pes  of  aircraft  at  traffic 
patterns  and  on  landing  and  takeoff.  This  Board's  testing  vas  limited  to 
intercepts  of  turbulence  at  cruising  speeds.  The  WADC  test  will  include 
intercepts  at  approach  and  landing  speeds. 

c.  Wright  Air  Development  Center,  Air  Research  and  Development 
Coronand,  UL'AF,  is  condveting  an  intensive  stud;.’  intc  sonic  boon  problems, 

Tdiis  study  will  include  a  comprehensive  theoretical  study  of  sonic  shock 
phenomena  and  effects.  The  flight-test  site  fca*  this  program  is  tentatively 
Bglin  AFB,  Florida,  and  will  include  test  aircraft  such  as  the  F-1(X),  F-lDl, 
F-102,  and  F-lOii. 

vn.  SWKAHI. 

"I,  The  dilation  of  wing-tip  vortices  is  governed  primarily*  by  the 
turbulence  structure  of  the  atmosphere  in  which  they  are  generated,  Ckreater 
vortex  disturbances  are  generated  when  the  generating  aircraft  ar'i  flown  at 
low  airspeeds.  Any  turbulenc''  or  wind  has  an  inrasdiate  dispersing  effect  on 
the  duration  of  wing-tip  vortices. 

2,  Up  to  time  intervals  of  30  seconds  behind  an  F-lOO  flown  in  land- 
ii.fo  configuration  at  airspeeds  of  200  knots,  the  vortex  effect  may  be  of  such 
magnitude  that  a  light  airplane  intercepting  the  disturbances  could  not  be 
held  in  straight  and  level  flight.  If  the  light  aircraft  were  at  low  speeds, 
such  as  approach  or  landing,  it  could  becoiee  xmcontroUable  to  such  an  extent 
that  a  crash  could  not  be  avoided.  It  is  highly  improbable  that  an  airplane 
would  remain  in  vortex  turbulence  long  enough  to  make  a  coiaplete  roll,  Tne 
most  lively  response  wo\ild  be  to  roll  to  an  inverted  or  near-inverted  positicn 
and  be  thrown  out  of  tlje  vortex, 

3.  No  stri’ctural  damage  was  sustained  by  the  test  aircraft  pene¬ 
trating  the  wing-tip  vortices  created  by  F-lOO  and  B-U?  aircraft  during  this 
test,  ^'owever,  based  on  negative  loads  recorded  during  this  test,,  it  appears 
possible  that,  under  conditions  of  extremely  stable  air,  light  airplanes  pene¬ 
trating  the  wing-tip  vortices  generated  by  highly  wing-loaded  airciVLft  flown 
at  lew  airspeeds  could  sustain  structural  damage,  particular!;.*  if  the  lightly 
wing-loaded  airplane  was  being  operated  at  higher  than  normal  cruise  speed. 
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V 


li.  Sonic  shock  waves  generated  at  airspeeds  up  to  Mach  1.05  and 
separations  ss  near  as  POO  feet  did  not  cause  any  structxiral  ciarnai’e  bo  the 
QL-17.  -Hiere  were  no  visjal  indications  that  the  flight  path  of  the  QI^l? 
was  in  any  way  affected  by  sonic  shock  waves.  However,  it  cannot  be  deduced 
Trom  this  test  that  light  aircraft  would  not  sustain  structural  damage  from 
sonic  shock  waves  generated  by  airplanes  flown  at  speeds  well  above  Mach  1. 

5.  The  results  of  this  test  indicate  a  definite  need  for  additional 
information  on  the  effect  of  vortex  disturbances  and  sonic  shock  on  light  air¬ 
craft,  A  comprehensive  study  of  these  problems,  involving  theoretical  studies, 
engineering  tests  and  flight  tests,  will  be  required  to  secure  any  significant 
information.  Such  studies  are  beyond  the  capability  of  this  Board. 

VIII.  CONCLUSIONS. 

1.  In  regard  to  the  duration,  characteristics,  and  intensity  of  wing- 
tip  vort.ices: 


a.  The  dxiration  is  governed  primril;,'  by  the  atmospheric  con¬ 
ditions  existing.  Any  air  disturbance  has  an  imnediate  dispersing  effect, 

b.  The  greatest  disturbances  produced  by  any  aircraft  occur 
•when  that  aircraft  is  traveling  at  Icm  airspeeds,  such  as  in  landing  and 
takeoff  patterns. 

c.  No  quantitive  concli:isions  could  be  reached  on  intensity; 
however,  the  vortex  effect  can  be  of  such  intensity  that  a  serious  control 
problem  will  be  created  when  light  airplanes  encounter  the  disturbances  at 
low  airspeeds. 

2.  Wing-tip  vortices  can  produce  momentary  loss  of  control  to 
Army  airplanes  and  could  •under  certain  conditions  produce  structural  damage 
to  light  airplanes, 

3.  Further  te*'ts  and  studies,  by  agencies  capable  of  more  compre¬ 
hensive  investigation  than  this  Board,  should  be  made  of  the  effects  of 
sonic  shock  and  wing-tip  vortices  on  Arny  aircraft, 

U.  RE wCMHENDATIONS.  It  is  rucoramended  that; 

.  The  US  Amy  monitor  the  study  and  flight-test  program  being  ini¬ 
tiated  by  Wiight  Air  Development  Center,  Air  Research  and  Development  Command, 
USaF,  to  stud}  the  effect  of  turbuleaoe  on  aiiuraft  landing  every  30  seconds, 

2.  The  US  Army  monitor  the  sonic  boon  program  being  initiated  by 
Wright  Air  Development  Center,  Air  Research  and  Develooraent  Command,  USAF, 

3.  The  ^JS  Army  support  further  investigation  of  the  sonic  shock  and 
wing-tip  vortices  problems  to  the  extent  necessary  to  determine  effects  on 
Anr^  aircraft. 


16 


X. 


REFERENCES 


1.  NACA  TN  3377  "FliKht  Kcisure’nents  of  the  Velocity  Distribu¬ 
tion  and  Persistence  of  the  Trailing  Vortices  of  an  Airplane." 

2.  Douelas,  Santa  Monica,  Reoort  9i~lP6ii7  "Theoretical  Analysis 
of  Light  Plane  Landing  and  Take-off  Accidents  Due  to  Encountering  the 
Wakes  of  Large  AlrDlanes," 

3.  Royal  Aircraft  Establishment  -  T.  N.  No.  AERO.  23®3  "A 
Flight  Inrestigation  of  the  Wake  Behind  a  Meteor  Aircraft." 

)4.  Fli^t  Safety  Foundation  "Pilots'  Safety  Exchange  Bulletin 

55-1014." 

5.  A.F.P.T.C.  -  TN-56-20  "A  Fllgdit  Test  Inrestigation  of  the 
Sonic  Bocm." 

6.  WADC-TN-55-203  "Experimental  Investigation  of  the  Shock  Ware 
Prerjure  Characteristics  Related  to  the  Sonic  Boon." 

7.  Beech  Safety  Suggertion  Nr  8,  ?.952. 

8.  Beech  Aircraft  Corporation,  "Evaluation  Report,  Effect  of 
Wing  Tin  Vortices  and  Sonic  Shock  on  Army  Aircraft  in  Flight." 


X.  COORDINATION 


1*  Pla.n  of  Test. 


a.  The  Tentative  Plan  of  Test  was  prepared  by  this  Board  and 
circulated  to  other  interested  agencies  for  comraents.  Their  replies,  and 
comnents  by  th;L3  Board,  are  consolidated  below; 


(1)  The  Chief  of  Transportation. 

STATEMENT !  "1.  The  subject  "Draft  Plan  of  Test"  has 

been  ^viewed  and  appears  to  br  very  cowplete  and  co*- 
prehensive.  This  office  has  no  recommendations  to  make 
at  this  time  concerning  the  plan  as  proposed  or  concern¬ 
ing  additioml  test  which  may  be  desirable," 

BOARD  CCMMSNT;  Noted. 

(2)  The  Canadian  Army. 

STATEMENT :  "2,  The  draft  plan  of  test  has  been 

studied  and  the  following  comments  are  submitted  by  the 
Canadian  Krmyt 

"(a)  It  is  suggested  that  tests  should  not 
be  limited  to  specific  high  wing  loaded  aircraft  but  In¬ 
clude  the  Tor+^i  generating  characteristics  of  high 
speed  jet  aircraft  manoeuvreing  in  such  a  manner  as  to 
produce  their  CL(MaT)e" 

BOARD  COM^IjT;  Thi.s  Board  caacurs.  However,  only  P-100 
and  B-h7  Jet  aircraft  are  available  for  tost  pi*ogram. 
These  aircraft  will  be  flown  at  low  airspeeds  (high  Cj^) 
during  test. 

(3)  The  following  agencies  concurred  in  the  Tentative  Plan  of 

Test: 

(a)  The  Marine  Corps  Development  Center. 

(b)  The  Amor  Maintenance  Board, 

(c)  The  Air  Proving  Ground  Co»nand, 

(U)  The  British  War  Office,  through  the  British  Liaison  Officer, 
replied,  but  had  no  comment  to  make  on  the  Tentative  P!’a.n  of  Test. 

b.  No  reply  has  been  received  from  the  Chief  Signal  Officer  on  the 
Tentative  Plan  of  Test, 
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2«  Report  of  Test. 

(a)  The  Tentative  Rep^^rt  of  Teat  naa  prepared  by  this  Board  and 
circulated  to  other  interested  agenci^-s  for  corments. 

The  Marine  Corps  Develor^ent  Center  concurred  in  the  Tentative 

Report  of  Test, 

(b)  No  reply  has  been  received  fro*  the  following  agencies  on  the 
Tentative  Report  of  Test: 

(1)  The  Chief  of  Trans  porta  t  i  cvi , 

(2)  The  Chief  Signal  Officer, 

(3)  The  British  War  Office,  through  t^ie  British  Liaison  Officer, 
(ii)  The  Canaiian  Ar^y,  through  the  Canadian  Liaison  Officer, 

(5)  The  Air  Proving  Ground  CoMaand, 

(6)  The  Air  Research  and  Develop>«ent  Co— and. 
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APPENDH  A 
EVALUATION  REPORT 

EFFECT  OF  V/ING-nP  VORTICES  AND  SONIC  SHOCK 
ON  ARMY  AIRCRAFT  IN  FLIGHT 


This  *pp«ndijc  contAins  an  extract  of  Beech  Aircraft  Corporation’s  report 
of  a  preliminary  study  of  oscillograph  records  obtained  during  this  test. 


A.l 


^tack  Q  ireraft  Carparatita  - - 

IVALUATION  RIPORT 

■met  OF  wmo  tip  vortices  and  sonic  shock 

ON  ARIIT  AIRCRAFT  IN  FUOET 

January,  1057 

W.  J.  SMITH  JR. 

Military  Sarricc-Technicai  RepreaerJatiTa 

CHASE  J.  KINO 
Quality  Control  Enflnaar 


BEECH  AIRCPAFT  CORPORATION 
Wlcl  .ta  1,  Kanaaa 


FOFiE.VORD 


This  report  is  essentislly  an  addition  to  the  "PRELIMIMARY  STUDY 
OF  THE  EFFECT  OF  JET  BLAoT  OR  WAKE  ON  OTHER  AIRCRAFT"  issued  by 
the  Flight  Safety  Section  of  the  Quality  Control  and  Customer 
Service  Division  of  Beech  Aircraft  Corpor«i,ion,  under  the  direc¬ 
tion  of  Kr.  P.  E.  Allen, 

As  a  result  of  correspondence  between  Mr.  M.  J.  Fortner,  civilian 
Aercxviutical  Engineer,  of  the  United  States  Array  Aviation  Board, 
and  Mr.  Allen,  Beech  Aircraft  Corporation  participated  in  the 
Anay  Aviation  Board  tests  conducted  at  Eglln  AFB,  Florida.  This 
report  is  based  on  observations,  coiments  of  participating  Military 
Personnel,  and  oscillograph  data  obtained  during  the  tests. 

The  Beech  Aircraft  Corpnorat  ion  personnel,  who  participated  in 
the  program, are  particulajly  grateful  to  the  United  States  Arraj’ 
Aviation  Board  for  the  privilege  of  participating  in  the  tests 
and  of  working  with  the  Army  Officers,  enlisted  men,  and  civilian 
Board  Members  assigned  to  the  project.  Especially,  we  would  like 
to  express  our  appreciation  to  Captain  Robert  L.  Head,  Project 
Officer,  and  Mr.  M.  J.  Fortner,  Technical  Advisor,  of  the  Army 
Aviation  Board,  and  Captain  Roacoe  Tanner,  AFOTC  Project  Officer, 
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EVALUATIOH  RZPORT 


Effect  Of  Wing  Tip  Yortlc»»  And  Son. is  Shock 
On  Amor  Aircr*ft  In  Plight 


PURPOSE  OF  REPORT 


This  report  is  «  preliminary  study  of  the  oscillograph  records  obA^ned  during 
the  United  States  Arsy  Aviation  Board  tests  (Project  Ho.  2656)  oonducted  in 
conjunction  with  the  Air  Force  (APG/TAT/129J-A)  at  Eglin  AFB,  Florida.  Sov 
of  the  data  emphasises  that  additional  research  is  required  and  this  is  discussed 
as  part  of  the  report.  The  experience  of  porticipating  in  these  tests  eas  very 
beneficial  and  worth>vhile  as  it  pointed  out  the  prcLlams  to  be  orercoae  and 
suggested  aquipaent  changes  that  would  aid  in  any  further  research. 

COIICL1JSIOR3 

In  drawing  any  conclusions^  consideration  must  be  given  to  the  lisd.tations  of 
the  recorded  data,  but  the  following  iteae  were  tentatively  ee^blished  during 
the  tests. 

1.  Vortices  Penet ret ions 


a.  Negative  load  factors  higher  than  the  minlsua  ultimate  design  require¬ 
ments  for  Normal  Category  personal  aircraft  can  reasonably  be  expected 

at  hitter  cruise  speed,  sines  at  the  low  drone  spaeds  arxl  h..gh  generating 
aircraft  spaeds^^n  load  factors  of  -2.0  g*s  were  recorded. 

b.  In  the  opinion  of  expwrienced  Army  pxilots  flying  the  L-23  Mother  Ship 
and  obeexnration  planes.  Normal  or  Utility  Category  aircraft  attempting 
take-offs  or  landings  and  encountering  rolling,  yawing,  and  pd.tching 
of  the  magnitude  exparienced  by  the  Cfj-YI  would  be  lost. 

c.  Brery  change  in  attitude  of  the  (^17  resulting  from  vortex  patatratlons 
would  have  been  more  severe  for  a  piloted  Navlon  than  for  the  CI/-17 
controlled  by  the  autopilot. 

d.  Though  not  established  by  penetrations,  obesnratlon  of  snoke  runs  prior 
to  the  arrival  of  the  :jt/-17^,  indicated  that  the  30-secood  separmtioo 
intei*vel  for  the  UAOC  ILS  propweal  would  create  a  flight  haaard  on  calm 
days.  The  Air  Force  pilot  flying  the  B-47  vortex  fanerating  plane 
stated  thst  vortices  presented  a  control  problem  when  one  B-^7  followed 
another  in  landing,  and  a  light  aircraft  following  at  a  30-second  sepa¬ 
ration  would  many  times  be  in  a  haiardous  area. 

2.  Sonic  Shock  Tests 


a.  The  tentative  information  from  the  shock  ware  tests  was  that  it  is  possi¬ 
ble  tc  hit  an  airplane  of  the  Navion  type  with  a  shock  wave  shed  at 
Nech  1.02  at  a  (^.stance  of  approximatsly  500  fset  without  causing  a 
structural  failurs.  Attsntion  is  called  to  the  fact  that  Mach  1.02  is 
very  nearly  Hach  1.0  at  which  only  local  shock  waves  are  present  and 


Z,  Sonic  Shock  Tests  (Continued) 


that  shock  wavs?  created  by  planes  flying  at  Mach  1.5  to  2.5  would  be 
many  times  as  severe  as  those  encountered  during  the  tests.  The  data 
recorded  during  this  phase  of  the  test  requires  additional  infoneation 
on  the  ^-1'’  characteristics  before  any  attempt  at  evaluation  can  be 
made . 

b.  It  can  safely  be  concluded,  however,  that  a  car  window  can  be  broken 

by  flying  an  F-lOO  over  it  at  sub-sonic  speed  and  cutting  in  the  after¬ 
burner  which  probably  produced  local  pressure  waves.  This  actually 
happened  as  a  side  light  of  the  tests. 

c.  Though  not  a  result  of  these  tests,  it  has  been  established  at  Bglln 
AFB  and  the  surrounding  area  that  sonic  bocns  need  fur^ther  study  as  a 
result  of  claims  for  danaged  roofs,  church  steeples,  walls  and  windows. 
It  is  concluded  that  additional  research  as  to  their  effect  on  planes 
in  the  air  and  on  the  ground  is  advisable. 

RECOMMEKDATIOMS 


The  Army  Aviation  Board  tests  definitely  point  out  that  there  are  many  areas  of 
potential  hazard  from  wing  tip  vortices  and  from  scnic  shock  waves  generated  by 
many  of  today%  aircraft.  It  is  recommended  that  an  extensive  program  be  insti¬ 
gated  to  establish  the  following; 

1.  The  velocity  distribution  of  the  vortices,  the  duration  of  the  turbulence, 
and  the  displacement  and  dispersement  of  the  vortices  with  time  and/or  wind 
conditions. 

2.  Safe  separation  intervals  between  aircraft,  landing  and  taking  off,  based 
on  wind  conditions  and  types  of  airplanes, 

3.  Safe  seperation  distances  (vertical  and  lateral)  between  vortex  generating 
planes  and  vortex  penetrating  plane. 

U,  Danger  a»'(!as  for  light  aircraft  operating  in  range  of  supersonic  aircraft. 


Discussion 


Theory  Indicates  that  low  speed  and  hi^  wing  loads  for  a  vortex  mnerating  plane 
will  produce  the  highest  loed  factors  and/or  greatest  rotational  (pitching, 
rolling,  yawing)  acceleration  on  the  penetrating  plane. 

The  speed  (200  knots)  and  weight  (approximately  30, (XX)  lbs.)  of  the  vortex 
generating  plane  and  the  speed  (110  aph)  of  the  vortex  penetrating  plane  were 
not  expected  to  produce  destructive  loads,  but  from  the  data  obtained  it 
wes  enticipated  that  sufficient  confineation  of  equations  suggested  fay  prer- 
ious  studies  could  be  determined  to  show  by  extrapolation  that  destructive 
’'■ads  for  light  cocasercial  aircraft  can  reasonably  be  expected. 

Tho  >btained  from  the  tests  wes  limited  for  several  reasons  and  it  is 

felt  thsk.  it  would  be  well  to  point  out  these  li;aitations  and  include  sug¬ 
gestions  for  additional  reaearch.  ficperience  gained  from  these  tests  in¬ 
dicate  that  additional  studies  would  be  extresMly  desirable. 

The  time  element  in  preparing  for  these  tests  ruled  out  the  use  of  strain 
gages  on  the  drone  and  it  is  felt  that  this  emission  left  much  to  be  desired 
in  determining  stress  distributions  fTur.  the  loads  Impoaed  by  the  penetrations. 

The  autopilot  response  wes  so  rapid  that  a  cemparison  between  the  drone  reaction 
and  the  reaction  of  a  piloted  aircraft  was  extremely  difficult. 

The  growth  of  the  vortex  diameter  with  time  rssiains  as  saaathlng  of  a  question. 
Photograpivic  coverage  of  the  vortices  Resented  unejqpected  problsms,  which 
coxild  ba  corrected  by  assi^iing  personnel  fssdllar  with  what  was  dssired,  and 
by  having  all  necessary  st^psent  availabls  to  assure  good  coverage  of  the 
vortex  Bovenents.  Vind  tunnel  tests  using  s  screen  with  tufts  to  outline  the 
vortex  would  be  bencficlsl  In  answering  these  questions. 

The  location  of  the  smoke  tanks  was  such  that  although  the  voitices  are  completely 
rolled  up  in  a  fraction  of  a  second,  the  outboard  tanks  wers  the  only  two  of  the 
six  that  would  consistently  show  the  expseted  rolling  turbulence  of  the  vortices. 
SJectl<m  of  the  smoke  at  the  wing  tips  would  be  extremely  beneficial.  Is  pointed 
out  in  two  other  studies,  one  of  the  major  problems  is  hitting  ths  vortax  centsr; 
this  was  again  bom  out  in  thess  tests  where  a  number  of  passes  results!  in 
complete  sdsses. 

The  date  limit  set  for  these  tests  did  not  permit  nesrly  as  aany  flights  as 
required  for  thorough  study.  Flights  were  cancelled  because  of  excessive  winds, 
gusts,  rain,  fog  and  maintenance  problems.  A  test  progrsm  set  up  for  a  dsflxtits 
nuimber  of  flights  rsthsr  than  s  tism  limit  is  suggested  to  assure  a  realistic 
study  of  vortex  effects. 

The  altituds  control  of  the  drone  was  partly  responsible  for  the  difficulty  in 
vortex  penetretion.  Ths  drone  altitude  varied  with  the  pressure  variations  and 
these  changes  caused  semm  of  the  misses.  A  more  stable  altituds  control  cr 
suitable  method  of  piloting  the  drone  through  ths  vortices  is  required. 

While  the  very  first  inspection  of  the  proposed  flight  test  pro.y'sm  indicated 
tl«at  the  loads  to  which  the  drone  would  be  subjected  upon  penetretion  of  the 
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Discussion  (Continued) 


vortices  would  be  fairly  saall  in  nagnitude,  it  was  the  intent  of  the  Beech 
Ehglneerlng  Department  to  check  the  correlation  of  calculated  loads  with 
those  meaeured  during  teats  so  that  reasonable  reliance  could  be  placed  upon 
analytical  values  determined  for  more  severe  conditions. 

The  analytical  approach  to  the  problem  has  no  way  of  accounting  for  the  wind 
velocity  and  gust  conditions  and  also  is  based  on  the  assw);A,lon  that  the 
penetration  occurs  at  the  center  of  the  vortices. 

An  Investigation  of  the  calculated  and  measured  values  shown  on  Page  9  shows 
fair  correlation  in  soias  cases  and  extremely  poor  in  others.  It  is  the  opinion 
of  the  Engineering  Department  that  the  poor  correlation  is  due  to  the  wind  and 
gust  coTiditions  and  to  alsslng  the  vortex  centers. 

The  tKSts  definitely  indicate  the  necessity  of  a  more  closely  controlled  program 
In  regards  to  the  wind  velocity  and  gust  effects  and  means  of  insuring  penetra¬ 
tion  of  the  vortex  at  the  center. 

The  records  for  Mission  9  were  not  plotted  ae  the  oscillograph  record  was  qxioetion- 
able.  Delta  "n"  for  Mission  10  was  not  calculated  as  the  weight  was  not  recorded 
for  the  F-lOO  during  the  flights.  The  oscillograph  records  for  Missions  11,  12, 

13,  14,  15  and  19  we^e  used  to  furnish  measured  An  readings  to  compare  with  the 
calculated  ones. 

The  maxlnam  positive  and  negative  readings  recordod  during  the  tests  are  tafaul.ated 
on  Page  8 . 

The  "Proposal”  and  "Conclusions"  included  at  the  end  of  the  report  are  based  on 
Individual  studies  of  the  problem  by  Beech  Engineers. 


DATA  ON  TEST  AIRPLANES 


caL-17  um) 


Wing  Are*  -  ISh 

Max.  Weight  -  2514.5  lb«.  (Asstieed  average  weight  -  2Z*50  lbs.) 

Wing  Span  -  35.a7  ft. 

C.G.  Location  (2450  Ibe.)  -  Pus.  Sta.  100.C5 

Accelenaaeter  Location  (Vertical)  -  Pus.  Sta.  93.125  (7.725  in.  fwd.  of  C.G.) 


Sarte  as  13A4 


P-100  (625) 

Gross  Wei^  (L)  -  25534  Iba.  plus  Puel* 
Wing  3pan  -  40  ft, 

B-47 

Gross  Weight  (L)  -  84500  lbs.  plus  Puel* 
Wing  Span  -  116  ft. 


h=^ 

Max.  Weight  -  2430  lbs. 
Wing  Span  -  36  ft. 

Wing  Area  -  174  ft 


^Weight  of  fuel  before  each  pass  recorded  fagr  generating  plane  pilot. 
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CALCiriJiriONS  fo^  CHArrj;  in  load  factor  (^^n) 

The  core  rAdius  (y)  used  in  th?  calculation  of  A  n  is  measured  fi^ain  the 
vortex  velocity  distribution  of  the  F-lOO  and  the  This  distribution 

is  calculated  from  data  given  in  NACA  TN  3377.  These  velocities  are  based 
on  ar’  IAS  of  I50  mph.  The  core  radius  (y)  is  assueied  to  remain  constant, 
with  the  weight  and  velocity  of  the  generating  planes  variable. 

The  basic  equation,  An  =  (KV(yw/s)(2L/^2  bp^U)  [l-e  where  Z  =  y^/^Yt, 

is  simplified  by  the  following  assumptions  K  =  1,0,  and  e“^  is  a  negligible 
quantity.  This  results  in  a  n  =  (v/w/s^ 

Where  a n  is  the  change  in  penetrating  load  factor 

V  is  the  penetrating  plane  flight  speed  (I6I  ft /sec) 

w/s  is  penetrating  plane  wing  loading  (2A 50/184  or  13*32  Ib/ft^) 

l>  is  the  span  of  generating  plane  (F-lOO  is  40  ft,  B-47  is  116  ft) 

y  is  i  the  distance  from  max.  upward  velocity  to  max,  do*mward  velocity, 

(F-lOO  *  8.5/2  or  4.25  ft.,  B-47  =  26/2  or  13  ft.—  Ref.  velocity 
^stribution  curves  for  F-lOO  and  &-47  on  Page  10.) 

U  is  the  velocity  of  the  generating  plane  (ft/sec)  =  knots  x  1.152 
X  1.467  ~  knots  X  1,69 
L  ■  lift  of  vortex  generating  '  nW 
n  *  genei  .ting  plane  flight  load  factor 

W  ■  weight  of  generating  plane  (P-100  ■  25534  lbs.  plus  fuel  - 
B-47  =  84500  lbs,  plus  fuel) 

Then  for  F-lOO 

4-An  =  (161/13.32)  (2L/  3.UJ  X  40  X  4.25  x  U) 

-  An  =  (161/13. 32)  (2L/  3.142  X  40  X  4.25  X  U)  -h  (161/13.32)  (2L/3.u2  x  4O  x  35.75  x  U) 

4-  An  -  .01442  L/U 

-  An  =  (.01442  4-  .00172)  L/U  =  .01614  L/U 

For  B-47  (The  B-47  weight  at  each  pass  was  calculated  and  recorded  by  the  pile*.) 

-t-An  =  (ia/13.32)  (2L/3.I42  X  116  X  13  X  U) 

-An  =  (161/13. 32)  (2L/3.U2  x  116  x  13  x  U)  4-  (161/13.32)  (2L/3.u2  x  116  x  IO3  x  U) 

4-  An  =  .001  2^  L/U 

-An  *  (.001626  4-  .000205)  L/U  *  .001831  L/U 
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Misaiofi 

No. 


9.70 

9.70 

15.6 

15.6 

15.6 

15.6 

15.6 

15.6 

U.2 

U.2 

15.6 


Kaxlnura  OsclU 


Readings 


Ch'nl 
Jb.  9 
Altitude 
fl/ixv 


9.9 

9.9 

17.25 

17.25 

17.25 

17.25 

17.25 

17.25 

21.3 

21.3 

17.25 


19.35 
19.35 
48.6 
48 .6 
48.6 
48.6 


Morononts 

Recorded 

Hiss ion 
And  Pass 

Maxinum  (Pooitiva) 
See  Sketch 

1 

Heximn  (Negatire) 

See  Sketch 

Acceleration  (Vert.] 
Pltc^ling 

Rolling 

Yawing 

13-3-2 

19-6 

19-8 

19-8 

Trace  Down-  .35g'a 
Trace  Down-  3.75° 
Trace  Up-  74.00° 
Trace  Up-  5.00 

Trace  Up-  2.CX)^‘* 
Trace  Up-  10.00^ 
Trace  Down-  .00 
Trace  Down-  26.00° 

2.3  5j^ 
18.7ir 
74.00° 
31.00° 

)lndlcatae  trace  direction  for  "Positlre" 
Hiesvira— nt . 


0 
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Mission  - 

Gen.  Plane 

Gen.  Plane 

Pass  -  Run 

Gross  Wt, 

Velocity 

( Pounds ) 

(Ft. /Sec.) 

19-3-1 

126000 

279 

19-4-1 

124700 

279 

19-5-1 

122700 

267 

19-6-1 

121100 

262 

19-7-1 

120000 

254 

Mission  - 

Gen.  Plane 

Gen.  Plane 

Pass  -  Run 

Gross  Wt. 

Velocity 

(Pounds ) 

( Ptf ./  Se  c  e ) 

U-4-1 

11- 5-1 

12- 1-1 
12-1-2 
12-6-1 

13-2-2 

13-3-2 

13- 3-1 
13-6-1 

14- 3-2 
14-4-2 
14-4-1 

14- 5 
14-6 

15- 1-1 
15-2-2 


15-5-1 

15-6-1 

15-6-2 


28834 
28  535 

31134 

29934 

29034 

30834 

30334 

30534 

29134 

30234 

29734 

29934 

29334 

29034 

31334 

30734 

30434 

29634 

28934 

28734 

26340 


451.61 

446.95 

459.55 

462.21 

472.24 


L/U 

(!)® 


85.308 

84.423 

92.  U2 
88.562 
85.899 

91.225 

89.746 

90.337 

86.195 

89.450 

87.970 

88.562 

86.787 

85.899 

92.704 

90.929 

90.041 

87.675 

85.604 

85.012 

94.409 


1.29 

1.27 

1.28 

1.25 
1.24 

1.34 

1.31 

1.30 

1.26 
1.23 
1.23 


COMPARISON  -  CALCUUTED  An  WITH  MEASURED  An 


-2.0 

-1.2 

-  .9 
.85 

-  .6 


BEECH  AIRCRAFT  CORPORATIOK 
Later-Office  Coanunlcatlca 

January  9,  1957 


FROM: 

T.  L. 

>teltby 

TO: 

ftuaat 

Utter 

CC: 

0.  £. 

Burleigh,  P, 

C.  J. 

King 

SUBJECT: 

Conclusions  Drawn 

Sonic  Shock  Taete  Deeijaaated  Ancr  Project  Mo,  26^ 


In  addition  to  the  probleas  enuaerated  in  the  previoua  aeaoa,  an  obaeinration 
of  the  flight  teata  indicated  three  additional  critical  problaaM  if  any 
cprrelation  between  the  theory  and  flight  teata  ia  to  be  obtained.  Theae 
facto ra  are: 

1.  Vortex  Core  Olaaeter 

2.  Axla  of  Penetration  of  the  Vortex 

3.  Wind  Effect 

I  Vortex  Core  Dlaaeter 

It  ia  auggested  that  an  eatiaation  of  the  vortex  core  disaeter  aight 
be  obtained  in  the  following  manner.  Place  a  tufted  grid  aft  of  the 
model  during  the  tunnel  teata.  The  direction  of  the  tufta  ehould  in¬ 
dicate  both  the  diaaieter  of  the  core  and  the  vortice.  moving  the 
grid  aft  and  repeating  the  testa,  the  increase  in  theae  diaaetera 
could  be  evaluated.  A  tiaa  history  of  this  growth  could  be  3bA.alned 
bj  correlating  the  dietance  of  the  grid  aft  of  the  tip  with  the  tunnel 
flow  velocity. 

II  Axis  of  Penetration  of  the  Vortex 

It  is  the  opinion  of  the  writer  that  theodolite  data  aight  be  used  to 
locate  the  tip  of  the  voi^ex-gene rating  aircraft  in  apace  and  the  exact 
altitude  at  which  the  drone  penetrates  this  vortex.  It  is  iaportant  to 
know  wliether  or  not  the  drone  penetrated  tha  oenter  of  the  voitex  or 
only  encountered  the  outside  fringes. 

III  Ambient  Wind  Velocity  and  Ouat  Intensity 

An  observation  of  the  beluvior  of  the  aB''ye  generatec.  dujring  the  tests 
indicates  that  the  atmospheric  wind  velocities  and  gi.at  intensities  have 
&  very  significant  effect  on  the  vortices.  There  dots  not  appear  to  be 
a  ver7  good  solution  to  this  phase  of  the  problea,  and  the  only  recoc- 
mendation  apparent  to  the  writer  at  this  tizas  is  to  gather  statistical 
data  of  the  tine  for  the  vortices  to  break  up  as  a  function  of  the  wind 
velocity  and  gust  intensities  and  limit  the  penetratica  tests  to  condi¬ 
tions  when  the  wind  and  gust  velocities  do  not  exceed  certain  limiting 
values • 
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Subject:  Conclusions  Dravm  fran  an  Obeerration  of  the  Wing  Tip  Vortices  and 
Soric  Shock  Tests  Designated  Aray  Project  Wo.  Zb5(>  -  P*>:e  2 _ 


IV  Conclusion® 


The  flight  tests  conducted  during  the  aforementioned  project  definitely 
established  the  existence  of  significant  disturbances  and  pointed  o\Jt 
the  magnitude  of  the  problems,  not  ap^rent  frcai  the  theoriKical  inTes- 
tigation,  encountered  in  a  flight  test  program  to  STalxiate  these  effects. 

A  rery  careful  stodj  and  schedvLling  of  a  program  would  be  necessary  in 
order  to  propverlj  eealuate  these  effects. 


T.  L.  Maltby  / 
Structures  ftigineer 


TLM:th 
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CANSE  A  ^  UrCHT  HAUHTJ 

This  appendix  oon'.alns  Safety  ju^i^estion  Number  5,  Beech  Aircraft 
Corporation,  Wichita,  Kansas.  l'/S2t  wnich  is  reproduced  by  permifision  ol 
Beech  Aircraft  Corporation,  copyri/rit  owner. 
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SAFE  X -SO  GS  E  ST  I  ON  S 


N«.  t  —  mt  1  Svrvic*  for  ^ilof*  by  BfiCH  AiKCXAR  CORSOXATION,  Wnhito,  tCon»«*,  U.S.A. 


CO^rtlOMT  1fl2  tllCM  AitCiAH  COt^ 


tc  »i  veMocucfD  H  MfHOli  Of  ••  rAtr 
n>^-SSK>N  O* 


BIG  PLANE  TURBULENCE  CAN 
CAUSE  A  FLIGHT  HAZARD 


This  was  tragically  brought  to  our  atten¬ 
tion  with  the  fatal  crash  of  a  Bonanza  on 
its  landing  approach  at  a  busy  air  termi¬ 
nal.  As  a  result  of  this  accident  we  asked 
for  resumes  of  the  experience  that  pilots 
may  have  had  in  encountering  turbulence 
in  landing  behind  large  aircraft. 

The  hundreds  of  answers  which  we  received 
to  this  question  prove  that  there  is  a  flight 
haxard  in  the  traffic  pattern  and  that  there 
is  a  definite  need  for  a  study  of  the  air 
traffic  control  procedures  now  in  effect 
to  provide  naore  protection  for  flight  in 
the  controlled  traffic  patterns. 

lyhat  Causes  This  Hazard?  Basically 
it  is  (a)  the  wing  tip  vortexes  and  (b)  the 
swirling  propeller  wash  of  large  aircraft 
that  creates  a  turbulence  which  can  upset 
another  aircraft,  as  indicated  in  Figures 
1  through  5  of  this  bulletin. 

Wliat  Type  oi  Airplanes  Does  This  Affect? 
The  answer  is  all  types.  Replies  to  our 
inquiry  show  the  following  types  of  aircraft 
have  been  seriously  affected  by  landing 
turbulence,  according  to  more  than  200 
letters  from  their  pllotT, 

Afodel  35  North  American 
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Stinson 
Cessna  140 
Cessna  170 
Cessna  190 
Cessna  195 
Navion 
Piper  Cub 
Piper  Tri- Pacer 
Lockheed  Lodestar 
Douglas  A-20 

What  Type  of  Plains  Are  Reported  to 
Have  Caused  This  Turbulence?  <>ilots 
have  reported  severe  O’"  dangerous  turbu¬ 
lence  caused  by  varied  types  of  aircraft 
during  their  landing  or  take-off  opera¬ 
tion,  but  the  most  frequent  and  severe 
examples  were  reported  behind  the  largest 
commercial  airliners  such  as  DC-6's, 
Constellations,  DC-4's  and  DC-3's  in 
that  order  of  frequency. 

Let  The  Pilots  Tell  It. 

"Switzerland 

"First  days  of  October,  1951,  I  took  off 
with  my  Boranza  from  Zurich,  Switzerland, 
Airport.  It  was  a  beautiful  evening  and  the 
air  was  absolutely  calm.  About  a  minute 
ahead  of  me,  a  four-engined  transport 
had  also  taken  off,  but  when  the  tovrer 
cleared  me  it  was  already  out  oi  my  field 


Douglas  B-26 
Vought  Corsair 
Swift 
Ercoupe 
DC-3 

Beech  C-45 
Waco 

Beech  Model  18 
Aercnca 
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of  vf  ton.  Tikt-off  wai  as  imooth  as 
canbs  icd  ths  usual  procadurs  of  retract¬ 
ing  landing  gtar  and  adjusting  flaps  and 
propsUsr  rapidly  con^lstsd.  'HMn  suddsnly 
and  without  th«  sllfhtsst  warning;,  the 
Bonansa  made  a  rertlcal  bank.  Applying 
full  ailerons  I  brought  her  again  lertl, 
but  Immadiately  the  same  thing  happened 
again.  There  seemed  no  explanation  for 
this  strange  behavior  and  there  was  not 
much  time  to  think,  as  the  end  of  the  run¬ 
way  approached  fast  and  the  Tillage  of 
Eloten  loomed  ahead.  My  altitude  was 
approximately  90  feet,  when  for  the  third 
time  in  successloa  the  Boaansa  went  again 
on  her  wing.  I  felt  there  must  be  some 
mechanical  defect  la  the  controls,  as  I 
was  unable  to  hold  her.  I,  therefore,  cut 


the  gas  and  made  a  belly  landing  at  the 
fringe  of  the  airport. 

"1  have  about  2000  flying  hours  and  flew 
with  my  glider  in  the  roughest  thunder¬ 
storms.  But  this  was  an  entirely  new 
experience.  I  did  not  feel  any  gusts  or 
turbulence  whatsoever.  In  smooth  climb 
at  about  90  miles  an  hour,  the  Bonansa 
seemingly  went  out  of  control  for  no  appar¬ 
ent  reason. 

"Dosens  of  times  have  I  taken  off  at  the 
same  distance  and  nearer  behind  large 
similar  aircraft.  Yet  1  never  ran  into 
any  turbulence  and  never  have  considered 
such  violent  effect  on  my  aircraft  possi¬ 
ble.  1  understand,  however,  that  particu- 


Figure  1 

This  figure  shows  the  tip  vortexes  and  swirling  propeller  wash  trailing  behind  a  large  air 
craft  on  its  landing  approach  and  a  plane  in  the  downwind  leg  of  the  traffic  pattern. 
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Urly  on  a  perfectly  calm  tventog  with  no 
•wind  ancTno  thermaU  tfa#  turbuiwv^  caused 
Ml  «.  Urgt  i^Uu»  cogtimen  to  toom  <or  a 
consid^mble  tim«  (Ungerously  orer  the 
aiFTitTa: - —  - - 

"I  hop«  my  exparlence  may  serx.  as  a 
warning  to  other  pilots  in  a  similar 
occurrence. 

Signed:  M.  Schachenmann" 

"Salina,  Kansas 

'T  was  piloting  a  B-17  during  a  routine 
night  landing,  sisict:d  approximately  one 
mile  behind  another  lading  B-17,  when 
1  encountered  prop  wash  at  aboit  iOO  feet 
altitude  and  perhaps  100  yards  short  of 
the  landing  runway.  The  turbulence  was 
so  serere  the  landing  was  abandoned  and 


full  power  immediately  applied.  The  air¬ 
craft  was  thrown  into  a  nearly  Tertlcal 
bank,  and  required  full  opposite  rudder 
and  aileron  for  seemingly  sereral  seconds 
before  positire  control  of  the  aircraft 
was  regained.  The  turbulence  was  so 
serere  that  I'm  sure  the  aircraft  would 
hare  been  damaged,  had  the  landing  been 
completed  in  this  turbulence. 

Signed:  Fred  L.  Roscoe" 

Florence,  Alabama 

"While  approaching  the  Birmingham 
Airport  on  a  clear,  calm  day  I  was  author¬ 
ised  to  follow  a  PC-6  into  the  traffic  pat¬ 
tern  with  my  Stinson.  Of  course  the  DC-6 
had  flaps  and  wheels  down  and  when  I 
entered  the  pattern  at  a  point  about  a  mile 
behind  the  DC -6,  I  experience!  the  moat 


Figure  8 

This  figure  shows  the  large  plane  taxiing  up  to  the  terminal  and  the  pbine  that  was  on  its 
dowmwind  leg  now  on  its  final  approach  for  landing  and  entering  the  area  of  turbulence  set 
up  by  the  large  airplane  that  had  landed.  This  turbulence  noay  remain  in  an  area  of  ap¬ 
proach  for  sereral  minutes  depending  cm  the  air  conditions. 


w 
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violent  turbulence  in  my  flying  exp<!rience. 
The  Stinson  went  through  a  negative  ac¬ 
celeration  first,  followed  immediately 
by  a  positive  acceleration  which  threw 
us  into  a  steep  bank  and  strain  on  the 
structure  was  sufficient  to  open  both  doors. 
Close  examination  of  the  plane  after  land¬ 
ing  revealed  no  danage.  The  distance 
behind  the  DC-6  at  the  time  of  the  incident 
may  have  bcon  greater  than  one  mile  but 
not  more  than  two,  I  am  sure. 

Signed:  W.  O.  Perritt,  Jr. 

Perrltt  Chevrolet  Co,  Inc." 

"El  Paso,  Texas 

"We  have  had  numerous  instances  of  ex¬ 
tremely  turbulent  air  being  encountered 
on  landing  approaches  behind  multi¬ 
engined  aircraft.  About  six  months  ago 
I  was  making  an  approach  in  a  Piper  Tri- 
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Pacer  (with  a  student  at  the  controls) 
behind  an  American  Airlines  DC-6.  The 
DC -6  had  already  turned  onto  a  taxi  strip 
when  we  were  getting  ready  for  a  touch¬ 
down.  About  25  feet  in  the  air  we  felt 
we  had  hit  a  brick  wall  and  the  plane  tried 
to  turn  over  on  its  side.  Both  of  us  strug¬ 
gled  with  the  controls  and  turned  the  air¬ 
plane  off  to  the  right  side  of  the  runway 
auid  applied  power  to  climb  and  go  around. 
We  again  encountered  turbulent  air  off 
to  the  right  of  the  runway  and  at  an  alti¬ 
tude  cf  50-100  feet  for  about  500-750  along 
the  runway  before  we  were  clear. 

"Nearly  every  one  of  the  six  commercial 
pilots  flying  for  us  have  experienced  the 
same  thing  as  mentioned  in  the  above 
instance  at  one  time  or  another.  We  are 
generally  anticipating  such  turbulence 
now  and  if  we  make  an  approach  close 


Figure  3 

This  figure  shows  the  landing  airplane  being  upset  by  the  turbulence. 

A.  1? 
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Tbt  traillDf  wing-tip  Tortic««  of  a  B-25  Mltchall  pick  up  a  amofea  acraen  being  1^1  In  th« 
SouUnr«8t  Pacific .  A ,  20 
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•  noU({h  behind  a  3iuUl*«ngin«  airplane, 
usually  stand  by  prepared  for  action  and 
hold  10-15  miles  per  hour  extra  speed 
until  we  are  sure  ererything  is  Oil. 

Signed:  William  E.  Mueller,  Manager 
Southwest  Air  Rangers*' 

"Portland,  Oregon 

"Coming  in  from  Seattle  one  mornl^  I 
was  cleared  by  the  tower  to  make  a  land¬ 
ing  on  runway  11  cf  tbn  Portland  Columbia 
Airport.  As  I  was  n  aking  my  base  leg 
approach,  a  DC-6  was  ttxiching  down  ahead 
at  me.  lliis  was  in  the  oioming  and  it  was 
fairly  cool.  Approximately  100  yards 
from  the  spot  where  I  wiwld  hare  normally 
touched  down  and  at  at  indicated  speed 
of  75  miles  per  hour  ia  a  Ryan  Narlon 
1  hit  a  turbulent  spot  in  the  air  which  caused 
one  wing  to  drop  quite  suddenly  and  the 


airplane  to  fall  off  to  one  side  and  drop 
approximately  40  feet  so  that  the  left  wing 
nearly  hit  the  runway  before  I  was  able 
to  gain  control  of  the  airplane.  About 
10  feet  above  the  runway  the  controls 
began  to  take  effect,  and  I  was  able  to 
level  out  and  make  a  normal  landing.  If 
I  had  been  coming  in  on  my  final  approach 
at  a  slower  speed  or  closer  to  the  run¬ 
way  in  that  certain  area,  this  turbulence 
could  have  very  easily  caused  a  crash 
landing.  As  I  stated  before,  the  air  was 
very  calm,  and  there  was  no  turbulence 
in  flying  whatever .  I  would  estimate  the 
temperature  to  be  between  40  degrees  and 
45  degrees. 

Signed:  J.  B.  Coiway** 

"Louisville,  Eectucky 
"As  I  turned  the  final  in  my  Bonansa,  I 


Figure  5 
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notified  the  tower  1  was  on  final  and  they 
instructed  me  to  land.  At  the  moment  the 
C-46  was  still  in  his  landing  roll  and  I  a^riced 
the  tower  if  they  were  going  to  get  him 
out  oi  the  way  jn-omptly.  They  came  back 
in  the  affixmative  -  that  he  would  be  turn¬ 
ing  left  at  the  end  of  runway.  By  the  time 
he  ran  tlie  runway  I  was  mer  the  boundary, 
off  the  field  about  100  feet  -  wheels  down, 
flaps  flown  -  slight  power  on  approach  - 
speed  90  miles  per  hour  (not  a  bit  less). 
When  I  had  reached  an  altitude  of  about 
80  feet  and  about  200  feet  off  the  end  of 
the  runway  -  suddenly  without  warning  my 
airplane  completely  fell  out  from  under 
me.  It  didn't  have  the  feeling  of  a  stall. 
There  was  no  vibration.  The  stall  warning 
indicator  did  not  register  an  alarm.  The 
airplane  purely  and  simply  quit  flying. 

I  immediately  with  the  palm  of  my  hand 
hit  the  throttle  -  the  motor  alrer dy  develop¬ 
ing  some  power  -  the  power  glide  respond¬ 
ing  instantaneously  -  the  airplane  fell  - 
1  would  ]\Klge  about  40  or  50  feet...  the  left 
wing  went  down  slightly  before  the  power 
was  applied.  When  I  aj^lied  the  power  I 
dropped  the  nose  and  a  recovery  was  made . 

I  went  around  again  and  made  a  normal 
landing. 

Signed:  R.  D.  Bsell 

Executive  Vice  President  4 

General  Manager 

Roy  C.  Whayne  Supply  Company** 

'*Akron,  Ohio 

"In  one  particular  Instance,  during  a  land¬ 
ing  at  Washington  National  Airport,  in  our 


Company  Lockheed  Lodestar,  I  w.?s  coming 
in  at  approximately  1000  feet  behind  a  DC -3 
at  an  altitude  of  about  200  feet,  sjuS  during 
this  approach,  1  got  into  [wop  waah  of  the 
other  aircraft.  The  Lodestar  etKOuntered 
very  severe  turbulence  behind  this  air¬ 
craft  to  the  extent  that  the  Lodestar  was 
thrown  into  i.  lateral  attitude  of  more  than 
60  to  70  degrees  in  an  abrupt  manner.  It 
came  very  close  to  upsetting  me. 

Signed:  Sam  A.  Merrill,  Pilot 

The  Goodyear  Tire  4  Rubber 
Company,  Inc  .** 

"Guthrie,  Texas 

"I  experienced  this  turbulence  once  on 
a  landing  at  Love  Field  in  my  Cessna  190. 
I  was  working  my  approach  on  Runway  9, 
was  cleared  by  the  tower  when  a  DC-6 
started  its  take-off  roll  on  runway  17. 
Not  having  experienced  such  turbulence 
before,  I  aimed  to  touch  In  where  the  two 
runways  intersect  on  the  northwest  cor¬ 
ner  of  the  field.  Fortunately,  I  overshot 
and  was  about  40  feet  high  on  crossing 
the  Intersection.  The  DC-6  was  abouv 
2000  feet  down  the  runway,  but  its  turbu¬ 
lence  rolled  my  plane  Into  almost  a  90- 
degree  bank  toward  the  EC -6.  Fortunately 
I  still  had  enough  forward  speed  to  right 
the  plane  with  the  aid  of  engine  torque. 
Since  then  I  Just  don't  go  anywhere  near 
a  big  airplane. 

Signed:  R.  B.  Masterson  IIT* 

"Ir Vinson,  New  Jersey 
"With  full  gaa  tanks,  one  passenger  and 
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appro*.  ly  50  pounds  of  baggag*  aboard 
our  za,  we  were  cleared  from  the 

ram  :  runway  27,  the  longest  and  largest 
at  Pittsburgh.  Cleared  in  front  of  us  was 
a  TWA  L749  Constellation,  which  like 
ourselves  was  westbound.  We  were  cleared 
for  take-off  when  the  Connie  was  approxi¬ 
mately  3500  feet  down  the  runway.  We 
suddenly  encountered  a  severe  gust,  which, 
for  some  unexplainable  reason,  threw  us 
into  a  90-degree  left  bank  in  a  fraction 
of  a  second  (or  so  it  seemed  at  the  time). 
Luckily,  full  power  was  still  being  developed 
by  the  engine  and  quick  aileron  control 
coupled  with  a  decisive  right  rudder  action 
set  us  level  before  our  high  angle  of  hank, 
low  speed  combination  could  cause  a  stall. 
After  righting  tlie  airplane,  a  normal  climb- 
out  resulted,  no  further  turbulence  being 
encountered. 

Signed:  John  L.  Le*^  A.st.  Sales  Manager 
Red  Devil  Tools'* 

"La  Grange,  Illinois 

"About  the  middle  of  last  October  I  had 
an  experience  which  I  thiitk  may  aid  ybu 
in  your  research.  About  sundown,  I  was 
leaving  on  a  trip  in  a  Cessna  140,  from 
Chicago  Municipal  Airport.  There  was 
a  lot  of  heavy  traffic  at  the  tlmo  and  the 
boys  in  the  control  tower  were  getting 
a  real  workout.  Just  before  they  cleared 
me  to  take  off  they  cleared  a  Connie  in 
to  land  on  22L  which  was  the  runway  I 
was  to  take  off  on.  They  told  me  to  take 
off  even  before  the  Connie  had  cleared 
the  runway,  and  although  I  called  them 


back  and  requested  a  little  time  for  the 
turbulence  to  quiet  down,  they  said  they 
were  busy  and  1  was  holding  up  too  much 
traffic.  As  I  started  down  the  runway 
everything  seemed  normal  and  I  went 
into  a  climb  as  1  always  did.  After  reach¬ 
ing  an  altitude  of  about  100  feet  the  stall 
Warner  suddenly  blew  and  the  ship  was 
violently  thrown  into  an  extremely  nose- 
hlgh  attitude  and  at  the  same  time  was 
rolled  over  so  that  the  wings  wore  almost 
vertical  with  the  ground.  The  stall  warner 
was  blowing  constantly  and  no  amount 
of  control  movement  made  the  slightest 
difference,  the  ship  was  completely  out  of 
control  and  was  falling  on  the  right  wing. 
There  were  several  other  wild  gyrations 
and  Jolts  that  seemed  as  If  they  were  going 
to  tear  the  safety  belts  and  then  suddenly 
about  10  feet  above  the  ground  and  about 
50  yards  off  the  ninway  to  the  right  every¬ 
thing  cleared  up  and  the  ship  started  to 
fly  again.  From  then  on  it  was  all  normal 
and  nothing  more  happened.  The  whole 
thing  probably  only  took  about  five  seconds, 
but  It  sure  was  a  miserable  five  seconds. 

Signed:  George  W.  Zastrow 

Dostal  Excavating" 

"Longview,  Washington 
"Recently  I  followed  an  Army  twin  fan 
Job  to  the  end  of  the  runway  and  gave  him 
what  I  thought  to  be  a  more  than  adequate 
start  of  aouut  1500  feet  before  opening  the 
throttle  on  my  Stinson  165.  I  was  about 
40  to  50  feet  up  when  my  plane  tried  (and 
nearly  did)  a  snap  roll  to  the  right.  ObMr- 
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vers  said  rny  wings  were  vertical  with 
about  12  feet  of  clearance  from  my  right 
win?  tip  to  the  ground. 

Signed:  B.  Davids 

Davids  Motor  Company” 

Catasauqua,  Pennsylvania 
"About  a  year  ago  I  flew  to  Washington, 
contacted  the  tower  there,  and  was  advised 
that  I  was  No.  2  to  land  in  our  Navion, 
following  a  DC-6.  The  DC-6  landed  and 
was  at  the  extreme  end  of  the  runway  at 
the  National  A  irpori.  Then  the  tower 
called  me  and  suggested,  if  1  wished,  I 
could  use  another  runway.  I  declined 
and  continued  my  approach.  As  I  was 
|ust  about  to  cross  the  boundary  on  my 
final,  there  was  another  DC-4  holding  in 
a  warm-up  position.  When  I  crossed  the 
boundary,  I  was  approximately  at  400-500 
feet.  At  this  moment  a  terrific  dowm  draft, 
the  result  of  the  prop  wash  of  the  DC-6 
which  was  at  the  end  of  the  runway,  started 
to  pull  me  down  and  flipped  my  plane  over 
to  the  left.  Fortunately  I  had  the  propeller 
in  high  rpm  position  with  my  hand  on  the 
throttle  -  gave  it  full  power  and  followed 
the  turn  to  the  left,  which  I  was  then  in. 
l.n  a  second  or  two  I  was  out  of  the  wash 
and  was  able  to  again  control  the  ship. 
I  followed  around  to  make  a  360  degree 
climbing  turn  to  avoid  the  river,  called  the 
tower  and  made  a  normal  landing.  1  u'ould 
like  to  stress  that  the  violence  erf  tlie  turbu¬ 
lence  at  that  particular  moment  was  so 
severe  that  had  !  waited  a  few  more  seconds 
before  applying  full  power,  there  is  no 
telling  just  what  would  have  happened.  The 
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thing  that  puzzled  me  is  that  the  DC -6  was 
at  least  5000  feet  in  front  of  me  when  I 
crossed  the  boundary.  It  seemed  that 
the  turbulence  just  hung  at  the  end  of  the 
runway . 

Signed:  J  Oliver  Doern.  President 
Eagle  Brew’ng  Company" 

"Washington.  D.  C. 

"I  wanted  to  mention  to  you  that  I  had 
somewhat  of  the  same  experience  rf turn¬ 
ing  from  a  trip  from  Philadelphia  and 
coming  into  Washington  Airport  for  a 
landing  was  told  to  follow  in  closelv  behind 
a  DC-4,  ran  into  tlie  turbulence  at  about 
100  feet  altitude  and  about  390  yards  from 
the  airport.  The  turbulence  practically 
made  me  feel  1  vias  going  to  land  under 
the  airport  instead  of  on  top  of  it.  We 
finally  pulled  the  ship  out  about  15  feet 
above  the  water  and  straightened  it  out 
and  landed.  If  we  had  not  had  an  ap>proach 
speed  of  about  95  miles  per  hour.  I  be¬ 
lieve  that  we  would  have  had  somewhat 
of  a  serious  accident. 

Signed:  Harrison  Somerville" 

"Minneapolis,  Minnesota 
"I  had  an  experience  in  1949  which  comes 
squarely  within  the  scope  of  your  inquiry. 
I  was  flying  a  1947  Stinson  Voyager  which 
was  based  at  Wold  Chamberlain  Airport, 
M  inneapolis,  Minnesota.  I  do  not  recall 
the  date,  but  it  was  during  the  summer 
months  and  just  at  dusk.  Flying  condi¬ 
tions  were  perfect  and  there  was  no  wind. 
I  was  cleared  by  the  tower  to  land  north 
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following  a  DC -4.  On  coming  over  the 
south  border  of  the  airport,  the  DC-4 
had  completed  Its  landing  run  and  had 
turned  off  the  runway  and  Into  the  ramp 
on  the  west  side  of  the  field.  I  was  ready 
to  land  and  still  had  an  altitude  of  50  feet, 
flying  speed  about  70  mph  and  was  approxi¬ 
mately  2000  feet  from  the  point  where  the 
DC -4  had  turned  off  the  runway  when  the 
left  wing  of  my  Stinson  was  pulled  violently 
upwaro  and  within  an  Instant  the  ship  was 
almost  upside  down  and  well  to  the  right 
of  the  runway.  I  had  the  Impression  that 
my  altitude  Increased  noticeably,  but  I 
am  not  certain. 

"With  full  opposite  rudder  and  full  throttle, 
I  got  control  of  the  ship  within  a  matter 
of  Inches  before  It  hit  the  ground.  By 
this  time  1  was  well  to  the  right  or  east 
of  the  runway  and  It  was  necessary  to 
go  around  and  get  clearance  for  another 
landing. 

Signed:  I.  E.  Meagher 

Meagher,  Geer  L  MarUiam" 

"Washington,  D.  C. 

"I  was  returning  from  New  York  with  two 
passengers  In  the  Bonanza.  The  weather 
was  CAVU;  the  time  of  day,  about  19:30, 
Just  before  twilight;  temperature,  approxi¬ 
mately  80  degrees  F.;  wind,  calm. 

"Received  tower  Instructions  for  a  left- 
hand  traffic  pattern  to  runway  36,  Washing¬ 
ton  National  Airport.  No  aircraft  were 
either  In  the  traffic  pattern  or,  so  far 
as  I  had  observed,  had  landed  or  taken 
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off  during  my  surveillance  of  the  airport 
which  must  have  been  a  matter  of  five 
to  six  minutes.  Since  I  had  experienced 
no  turbulence  whatever  during  the  entire 
flight,  I  did  not  anticipate  the  sudden  "bump" 
which  I  received  when  about  200  feet  above 
the  Potomac  River  and  about  1000  feet 
from  the  end  of  the  runway.  The  rl^t  wing 
of  the  aircraft  dropped  to  about  60  degrees 
and  the  plane  seemed  to  fall  off  sharply 
In  that  direction.  I  had  plenty  of  air  speed 
in  which  to  right  f'e  aircraft  and  continue 
a  normal  approach.  I  did  instinctively 
apply  power  as  soon  as  the  wing  dropped 
but  was  not  too  concerned  about  the 
Incident. 

"Curiosity  aroused  me  sufficiently  to  ask 
the  meteorloglst  at  the  weather  station  In 
Washington  to  what  he  attributed  this  strange 
p.henomena.  As  nearly  as  I  can  remember 
he  told  me  that  it  could  have  been  a  minia¬ 
ture  whirlwind  set  up  by  either  a  landing 
or  departing  aircraft.  In  the  still  air 
this  whirlwind  had  lingered  in  the  vicinity 
of  the  airport  perhaps  even  building  up 
some  velocity  and  I  had  apparently  struck 
the  vortex. 

Signed:  G.  C.  Whalen,  President 

American  Mercury  Insurance  Co." 

"Oakland,  Calilo’-nla 

"Approximately  4:00  p.m.  one  afternoon 
in  January  of  this  year,  I  was  approaching 
Oakland  Airport  from  the  north  In  a  Model 
35  Bonanza  and  was  told  by  the  tower  to 
make  a  right  hand  approach  and  i^nd  short 
behind  a  Curtiss  C-46  on  finat.  as  other 
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traflic  was  following  closely.  My  very 
first  thought  was  to  avoid  any  turbulence 
that  might  be  present  lu  the  path  of  this 
airplane,  and,  as  a  iiiatter  of  fact,  I  called 
the  tov/er  and  told  them  I  could  use  the 
gravel  area  on  the  north  side  of  the  run¬ 
way  but  was  ordered  to  land  on  the  runway. 

"I  spaced  myself  accordingly  and  turned 
on  final  approach  about  1000  feet  from  the 
end  of  the  runwav  at  about  ^00  feet  alti¬ 
tude.  At  this  poiiit,  the  wheels  were  down, 
full  flaps  on.  ind  prop  in  low  pitch  with 
air  speed  uf  80  mpli,  and  airplane  trimmed 
in  hands-off  attitude.  The  air  was  very 
smooth  and  stable. 

"At  approximately  150  feet  from  the  end 
of  the  runway,  and  about  200  feet  altitude 
the  plane  was  thrown  violently  on  its  side, 
left  wing  down  about  70  to  80  degrees,  and 
headed  for  the  ground  at  terrific  speed. 
During  this  very  brief  period.  I  had  no 
evident  control  over  the  airplane.  I  did 
have  my  hand  on  the  throttle  and  remem¬ 
ber  applying  a  considerable  amount  of 
power.  Recovery  was  effected  about  three 
or  four  feet  off  of  the  ground  -  far  too 
close  for  comfort.  Witnesses  afterward 
confirmed  this  saying  that  they  started 
to  run  as  they  saw  the  Bonanza  apparently 
falling  out  of  control.  I  still  don't  know 
who  was  most  surprised  at  a  recovery 
that  apparently  wasn't  in  the  cards. 

”  I  might  add  that  when  this  occurred, 
the  C-46  was  about  4000  feet  ahead,  had 
lajided,  and  was  turning  off  of  the  runway. 

Signed:  Ivor  Witney,  Chief  Pilot 

Pacific  Aircraft  Sales  Company” 


"Ventura.  California 
"First  is  a  total  washout  of  a  Cessna  140 
in  1950,  that  was  cleared  to  land  by  the 
tower  behind  a  Constellation  on  a  warm 
day  with  winds  of  less  than  15  mph.  land¬ 
ing  to  have  been  made  a  suitable  distance 
behind  tite  big  airplane.  Upon  crossing  the 
fence  at  an  altitude  of  about  50  feet  the 
Cessna  140  dropped  in  a  full  stall  with¬ 
out  warning  and  in  a  direction  at  least 
45  degrees  to  the  right  of  the  flight  path, 
"triking  the  ground  off  of  the  runway.  No 
injuries  were  sustained  by  either  pilot 
or  passenger  however,  damage  to  plane 
was  beyond  economical  repair. 

Signed:  W.  W.  Hoffman,  Owner- Manager 
Ventura  Airpark" 

"Lebanon,  Ohio 

"In  answer  to  your  letter  of  February  18th 
on  safety  suggestions,  I  thought  I  would 
mention  that  my  Bonanza  was  upset  while 
1  W...S  flying  into  the  airport  by  the  slip 
stream  of  a  DC  -  6  in  July,  1949.  On  a 
very  still,  clear  day,  I  came  in  on  a  low, 
slow  approach  (about  72  mph)  on  the  end 
of  the  runway.  The  DC -6  was  just  turning 
off  the  other  end  of  the  runway*  At  about 
40  feet  altitude  the  turbulence  struck,  my 
wing  w’cnt  down  ar.d  we  almost  cartwheeled 
into  the  ground.  Ibe  airplane  was  a  complete 
loss,  but  we  were  not  hurt  at  all  because 
our  seat  belts  were  tight. 

Signed:  Corwin  S.  Fred" 

"Cedar  Rapids,  Iowa 
"A  letdown  in  our  C-45  was  being  made 
into  Vandalia  Airport  at  Dayton,  Ohio, 
at  night  during  the  fall  of  the  year.  A 
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Branlff  pilot,  W,  A.  Stephens,  was  flying 
the  ship  and  the  writer  was  serving  as  co¬ 
pilot.  The  weather  was  clear  except  for 
a  light  stratus  formation  at  about  200C  feet 
which  was  only  about  500  feet  thick.  After 
passing  through  the  stratus  I  used  a  flash¬ 
light  to  check  the  leading  edge  for  ice 
between  the  engine  nacelle  and  the  wing 
root  where  my  previous  experience  had 
led  me  to  believe  was  the  point  at  which 
ice  was  formed  first.  No  icing  was  observed 
and  the  boots  were  not  used.  A  normal 
approach  was  made  with  good  visibility 
below  the  stratus  and,  as  1  recall  it,  about 
a  25  inph  surface  wind  straight  down  the 
runway. 

”We  were  cleared  to  land  behind  a  TWA  IX -3 
which  was  taking  off  and  which  cleared  the 
far  end  of  the  field  about  the  time  we  crossed 
the  airport  boundary  at  about  50  feet  and 
with  a  good  margin  of  «ir  speed.  Just  as 
Stephens  started  to  flare  out,  the  ship 
suddenly  went  out  of  control  due  to  turbu¬ 
lence  obviously  induced  by  the  DC-3's 
take-off.  The  ship  went  into  a  violent 
snap  roll  and  one  wing  tip  cleared  the 
runway  literally  by  inclios.  A  superb 
performance  by  Stephens  effected  a  re¬ 
covery  by  instantaneous  application  of 
rudder  and  full  power  coupled  with  his 
demanding  instant  retraction  of  gear  and 
flaps.  Fortunately  he  had  cleared  the 
carburetor  of  ice  and  had  advanced  the 
prop  controls  on  the  approach  so  that 
there  was  an  instant  response  to  the 
throttles . 

•’Inspection  of  '.ne  airplane  after  the  go- 
around  revealed  that  about  an  inch  of  ;  Ime 
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Ice  had  formed  on  the  leading  edge  near 
the  wing  tips  and  on  the  leading  edges 
of  the  tall  surfaces.  Like  most  situa¬ 
tions  when  an  aircraft  gets  Into  difficulty 
this  was  a  build-up  of  several  factors 
which  combined  to  result  in  something 
really  important.  In  this  case  it  was  dls- 
covered  that  while  glaze  ice  may  form 
first  on  the  wing  root,  rime  ice  does  not 
necessarily  do  so,  and  this  coupled  with 
the  turbulence  created  by  the  DC -3  com¬ 
bined  to  result  in  a  very  close  one.  Any¬ 
thing  you  can  do  to  assist  pilots  to  learn 
these  things  other  than  the  hard  way  is 
certainly  a  praiseworthy  effort. 

Signed:  Arthur  A.  Collins,  President 
Collins  Radio  Company" 

"Bridgeport,  Connecticut 
"My  Nav ion's  approach  speed  was  about 
80  LAS  -  spacing  1,  2  to  3  4  miles  behind 
the  DC- 3  and  landing  path  offset  to  the 
windward  side  of  the  EX -3  path.  Surface 
wind  was  slightly  cross  runway  5-8  mph. 
At  about  75-100  feet  above  the  ground  the 
right  wing  dropped  down  so  violently  that 
for  several  seconds,  I  was  in  a  near  verti¬ 
cal  bank.  This  condition  persisted  for  a 
moment  or  two  even  after  1  had  applied 
full  power  and  some  forward  movement 
of  the  control  column. 

Signed:  Robert  D.  Smith 

LaResista  Corset  Company" 

"Buffalo,  New  York 

"Ve.s,  I  have  encountered  those  same  condi¬ 
tions  as  mentioned  in  your  letter.  Was 
flying  a  BT-13A  at  t.’ie  time  of  accident. 
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Can  only  say  was  too  close  to  aii  American 
Airline  Convair  on  final  approach  for 
landing.  With  my  ship  in  low  pitch  and 
3  0  degrees  of  flap  when  1  bit  the  wash 
of  other  ship  ahead.  The  turbulence  put 
me  out  of  control,  down  1  came  50  feet. 
One  week  in  hospital 

Signed;  William  L.  Hauck” 

“Galesbu/g,  Illinois 

•’We  were  about  to  leave  Chicago  Municipal 
Airport,  having  already  completed  our 
mission  there,  and  had  taxied  out  the 
prescribed  runwr.y.  Our  stop  had  been 
brief  and  only  a  short  run-up  check  was 
required.  After  completing  this,  the  lower 
granted  take-off  permission  just  as  an 
airline  Constellatic.*  became  airborne. 
Believe  me,  it  took  both  of  us  pilots  (Mr. 
Karrol  Brctz,  now  captain  with  Wisconsin 
Central  Airlines,  and  myself)  on  the  con¬ 
trols  giving  full  travel  to  both  right  then 
left  aileron,  etc.,  to  keep  our  DC-3  from 
doing  a  snap  roll  just  as  we  became  airborne. 

Signed:  C.  L.  Crossan,  Buyer 
Midwest  Manufacturmg 
Corporation” 

"Aescheruhof,  Switzerland 
”l  landed  with  my  Cessna  shortly  after  a 
large  DC-4  of  Air-France.  I  intended 
to  roll  to  tho  parking  place  diagonal  in 
the  back  of  the  DC -4  and  in  passing  - 
when  suddenly  the  pilot  of  the  Air-France 
machine  turned  on  his  motors  to  control 
the  magnetos.  My  aircraft  was  blown  over 


by  turbulence  and  I  landed  on  my  head. 
My  airplane  was  crashed  and  completely 
demolished.  By  great  luck,  my  passenger 
and  I  were  not  injured.  I  wish  to  add  that 
I  had  to  fight  a  lawsuit  of  three  years  up 
to  the  court  of  appeal  at  Paris  to  receive 
my  indemnification,  which  was  paid  to 
me  just  a  week  ago. 

Signed;  Ernst  Muller” 

"Bedminster,  New  Jersey 
”We  operate  several  planes  here  on  ”air 
t.axi”  and  have  occaiuon  frequently  to  go 
into  LaGuardia,  Idlewild  and  other  air 
terminals.  In  several  years  of  this  sort 
of  flying,  I  have  had  numerous  occasions 
to  experience  prop  wash  from  airliners  on 
both  approach  and  take-c^fs. 

"Several  things  can  be  done  by  the  pilot 
to  minimize  danger.  Approach  steeply 
and  at  higher  than  normal  approach  speed 
so  that  extra  control  will  be  available  if 
turbulence  is  encountered.  Stay  on  the 
windward  side  of  the  runway  if  there  is 
any  cross-wind.  On  take-off,  crab  or 
bank  gentty  to  the  windward  side  of  the 
runway  which  will  pxit  >x>u  out  of  any  turbu- 
ICTKe  left  from  a  preceding  rar liner.  Always 
be  ready  for  turbulence  and  act  rapidly 
to  try  to  turn  out  of  it  or  dive  the  plane 
to  recover  control.  On  one  occasion  1 
saw  an  AT- 6  flipped  on  its  back  landi.ng 
behind  a  B-24  so  it  isn’t  only  the  light 
planes  that  can  be  affected.  1  believe  we 
can  educate  tower  personnel  to  this  problem 
and  that  more  effort  should  be  made  to 
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direct  light  pUnes  to  abort  or  croaa-wlnd 
runways  at  large  terminals  rather  thim 
instruct  theno  to  land  directly  bebtiid  four* 
en^ne  craft. 

Signed:  Samuel  Freeman 

Somerset  Air  Service,  Inc.** 


**The  Haugue,  Netherlands 
**KLil  reported  as  follows: 


The  dangerous  influence  of  turbulence 
created  in  the  approach  area  by  large 
aircraft  is  well  known  to  us.  All  our  pilots 
are  fully  aware  of  this  and  even  large 
airplanes  like  Constellations  and  DC-0*s 
a  re  upset  by  it.  We  also  wish  to  draw 
your  attention  to  the  fact  that  the  turbulence 


in  the  approach  area  created  by  jet  air¬ 
craft  is  consU^sbly  higher  than  the  turbu¬ 
lence  produced  by  a  jdaton-engined  airplane. 
Pilots  of  large  airplanes  have  to  be  ser¬ 
iously  on  the  alert  when  landing  behind 
jet  aircraft. 


Signed:  D.  J.  deVricj 
Hollinda  N.V." 


** Portland,  Maine 

**I  have  seen  many  light  plane  pilots  run 
serious  risks  taking  off  or  landing  behind 
large  planes.  I  have  had  control  towers 
clear  me  for  take-off  behind  large  planes 
when  it  would  have  been  very  serious, 
if  net  fatal,  to  fly  through  the  prop  wash; 
and  I  think  that  in  many  ways  the  prop 
wash  of  a  large  plane  on  take-off  is  more 
dangerous  than  on  landing,  because  the 
large  plane  is  operating  at  full  throttle. 


**lfany  control  tower  operators  will  clear 
a  light  plane  into  position  immediately 
after  clearing  a  transport  for  take-off. 
This  is  very  bad  practice.  The  light  plane 
pilot  may  get  behind  the  large  plane  and 
find  that  the  pilot  of  the  transport  runs 
up  his  engine  before  releasing  his  brakes. 
I  was  once  a  passenger  in  s  Widgeon  when 
we  were  cleared  into  position  behind  an 
F4  7.  He  started  to  roll  and  we  moved 
directly  behind  him.  Apparently  dis- 
satisfi^  with  the  sound  of  his  engine, 
he  stopped  and  ran  it  up  to  full  power 
before  releasing  his  brakes.  We  were 
about  75  feet  behind  him  and  it  was  nec¬ 
essary  for  ua  to  put  both  our  engines  al¬ 
most  wide  open  and  to  lift  our  tail  In  order 
to  prevent  being  blown  backwards  ix^ 
Boston  harbor.  A  very  light  plane  would 
certainly  have  been  Involved  in  a  serious 
accident  under  similar  circumstances. 

'*Jyfany  years  ago  I  was  taught  a  simple 
trick  which  I  have  since  taught  to  many 
pilots  who  should  have  learned  It  very 
early  in  the  game.  I  take  advantage  of 
the  fact  that  airport  designers  always 
seem  to  place  runways  with  a  built-in 
cross-wind.  When  the  wind  is  slightly 
off  the  runway,  it  is  very  easy  to  land  or 
take  off  on  the  windward  side  of  the  run¬ 
way  and  avoid  prop  wash.  But  I  have  ridden 
with  pilots  who  would  do  just  the  opposite, 
in  an  attempt  to  land  more  direcUy  into 
the  wind,  and  get  themselves  Into  trouble 
from  prop  wash. 

'^Another  factor  is  that  the  cruising  speeds 
of  Bonanaas,  Nav'ions  and  so  on,  are  now 
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as  fast  or  faster  than  the  approach  speeds 
of  some  airliners.  The  light  plane  pilot 
flying  a  smaller  traffic  pattern  at  a  speed 
approaching,  and  occasionally  exceeding, 
the  speed  of  the  transport  as  he  crosses 
the  boundary,  sometimes  finds  himself 
much  closer  than  he  had  planned. 

"Another  thought  is  that  pilots  of  fighter 
planes  should  be  very  careful  to  stay  away 
from  light  planes.  The  other  day  an  F47 
dove  on  me  from  behind  and  pulled  up  very 
close  in  front  of  me.  He  scared  the  day¬ 
lights  out  of  me  and  I  instinctively  Uirned, 
and  it  is  a  good  thing  I  did,  because  al¬ 
though  I  hit  only  the  edge  of  his  prop  wash, 
it  almost  rolled  the  Navion  over  on  its 
back. 

"If  private  pilots  find  themselves  in  traffic 
patterns  with  big  planes,  they  must  certainly 
learn  extra  precautions,  and  they  must 
learn  things  their  instructors  at  small 
fields  did  not  tell  them.  They  must  learn 
that  the  airliners  are  slower  on  final  ap¬ 
proach  than  they  might  think,  that  the 
airline  pilots  have  very  poor  visibility 
from  the  cockpit,  that  they  make  a  very  long 
final  approach  and  that  they  normally 
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carry  a  lot  of  power  until  they  have  crossed 
the  Ixxindary. 

Signed:  Roger  C.  Williams,  Publisher 
Guy  Gannett  Publishing  Company" 

Based  on  this  information,  it  would  indicate 
that  severe  turbulence  could  be  encountered 
behind  any  large  aircraft  If  Lie  right  air 
conditions  prevail. 

Recommendations: 

1.  Allow  plenty  ot  space  between  aircraft 
in  the  traffic  pattern. 

2.  Make  your  approach  to  and  landing  on 
the  up- wind  side  of  the  runway. 

3.  Maintain  adequate  flying  speed  well 
above  your  aircraft’s  stalling  speed,  when 
entering  an  area  just  vacated  by  another 
airplane. 

4.  Be  alert  and  prepared  for  turbulence 
on  your  landing  approach. 

Editor’s  Note:  We  wish  to  thank  not  only  the 
writers  of  the  letters  quoted  herein,  but  also 
the  writers  of  the  over  200  other  letters 
which  covered  the  same  subject  and  which 
could  not  be  quoted  for  lack  of  space.  The 
letters  herein  were  selected  for  thoir  variety 
in  order  to  cover  the  field  as  thoroughly  as 
possible  in  a  bulletin  of  this  type. 
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UNITED  STATES  CONTINENTA  L  ARMY  COMMAND 
Fort  Monroe,  Virginia  * 

ATDEV-6  452.  1/229(7  June  57)  7  June  1957 


SUBJECT:  Final  Report  of  Test,  Project  Nr  AVN  2656,  Effect  of 

Wing-Tip  Vortices  and  Sonic  Shock  on  Army  Aircraft  in 
Flight 


TO:  Chief  of  Research  and  Development 

Department  of  the  Army 
Washington  25,  DC 


1.  Inclosed  is  a  copy  of  Final  Report  of  US  Army  Aviation  Board, 
Project  Nr  AVN  2656,  May  1957,  subject:  "Effect  of  Win^  Tip  Vortices 
and  Sonic  Shock  on  Army  Aircraft  in  Flight." 

2.  This  headquartoi  s  concurs  in  the  Board's  conclusions  and 
approves  the  recommenditions  contained  in  paragraphs  5  and  6,  respec¬ 
tively,  of  the  abstract  of  the  inclosed  report.  The  recommendations  are 
as  follows: 


a.  The  US  Army  monitor  the  study  and  flight-test  program 
being  ir.’tiate'l  by  Wright  Air  Development  Center,  Air  Research  and 
Developn  ent  Commf.nd,  USAF,  to  study  the  effect  of  turbulence  on  air¬ 
craft  landing  every  30  seconds. 

b.  The  US  Army  monitor  the  sonic  boom  program  being  ini¬ 
tiated  by  Wright  Air  Development  Center,  Air  Research  and  Development 
Command,  USAF. 


c.  The  US  Army  support  further  investigation  of  the  sonic 
shock  and  wing -tip  vortices  problems  to  the  extent  necessary  to  deter¬ 
mine  effects  on  Army  aircraft. 


1 


FOR  THE  COMMANDER: 


Incl 

(Over) 


Lt  Colonel,'  AGC 
Asst  Adjutant  General 
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